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By Henry Shaler Williams. 



INTRODUCTION. 

In the year 1881 I began a series of investigations for the purpose 
of discovering the laws which determine the association of fossils in 
faunal aggregates and their modifications in relation to geographical 
distribution and to vertical succession, in order to apply those laws 
as guides to the correlation and classification of geological formations. 
While these investigations have been in progress many other workei's 
have joined in the search. Many statistics have been gathered, and 
observations have been extended over a wide field. A few important 
results have been attained, and the nature of the problem is now more 
clearly understood than at the outset. It seems, therefore, that this 
is a fitting time to review the progress alreadj^ made, and to point out 
the more prominent results achieved and the paths along which future 
investigations may be guided with most promise of success. 

When the investigations were begun it was already known that 
geological formations were marked by species of fossils differing 
greatly for each succeeding formation. In the early days of geology 
this difference was supposed to be due to extinction of old and the 
appearance of new forms for the first time with the income of each 
new formation. With this conception was avssociated the idea of 
sharp distinction between formations, each of which had a character- 
istic set of " Leitfossilien." The prevalence of this latter view domi- 
nated all the literature; and the presence, in a newly exploited 
section of rocks, of a species supposed to be characteristic of a given 
formation was assumed to be sufficient evidence of the presence of 
the formation in the new section. On this basis of determination it 
had become a fact that under the name of each formation there was 
catalogued a gi*oup of species collected from widely separated regions 
and found iji different kinds of rocks, all of them being thus lumped 
together as the characteristic species of the formation considered. 

At the outset of the present inquiry it was evident that, in order to 
learn how the modification of species has actually tak^.w ^V^^s^^^^v^sns^ 
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• » 

composition of the fauna of a f;prmatloYi must be critically examined, 
the actual association of §i)eCiefe*in each bed of rock must l>*»anal3'zod, 
and the succession of ^sgeeieS traced step by step through continuous 
sections. . •!♦.*'•.' 

My first expeViments in this field of investigation were with the 
faunas^^^iibifed in the rocks in the neighborhood of Ithaca, N. Y. 
In theiJ^e'lrbcKS, which were classified as Portage and Chemung, a 
..ntfmbfel' of zones filled with separate faunules'* were discovered, some 
• *:etf which were entirely different from others in the series, but the 
order of their succession was readily distinguished in each of the 
rock sections for miles^about. This integrity'' of the faunules in geo- 
graphical distribution, over at least the few miles of area ar first 
explored, together with the sharp differences in the composition of 
successive faunules, suggested a clue to the solution of the larger 
problems involved. 

When, again, on comparison of two sections running through the 
same portion of the geological column it was found that a forma- 
tion which was clearly defined in one section was missing in the other, 
it was customary (in the absence of evidence of unconformity) to 
explain the absence of the missing member in the second section by 
the supposition that it had graduUy thinned out until it disappeared. 
Its place in the second column was recognized, but the thickness of 
its sediments was reduced to nothing or to an inappreciable amount. 
Correlation of diverse formations being made on this basis, the gen- 
eral geological column was constructed of a single series of superim- 
posed formations, diversity of fossil contents standing for difference 
of formations. Each formation was thus forced to take some par- 
ticular place in a single geological column. 

As knowledge of the faunas increased, the failure to establish t he- 
exact identity of a newly discovered fauna with any of the faunas 
of the standard column already described^ led to the intercalation of 
the formation containing it between the standard formations whose 
faunas most closely resembled it. That there might be living at 
the same time two entirely distinct faunas whose records were buried 
and preserved within a few miles of each other was a possibility that 
was not then seriously contemplated. I refer to marine faunas, for 
the distinction between marine, fresh-water, and land conditions was 
clearly recognized; but almost never were faunas from diverse envi- 

a The term ' ' f aanule ^ ' is here and in the following pages used to distinguish an aggregate of fos- 
sils associated in a single stratum or zone from the total ag^n^egate of si>ecies (the fauna) dis- 
tributed through a greater or less thickness of strata, each f aunule containing a considei*able 
proi)ortion of the same species, but not always in the saihe combination or proportionate abun- 
dance. The association in the faimule is supposed to be an expression of the temporary adjust- 
ment to environment and to each other of the living si)ecies— an adjustment determined by the 
relative vigor ot each species; whereas the fauna is an aggr^ate of species determined by sev- 
eral quite divergent conditions and factors, the fauna living on so long as these conditions and 
factors remained sufficiently intact to x)ermit it to preserve its general characteristics and the 
dominant species to maintain their relative place in the fauna, though for a time suffering more 
or less variation of composition, due ta local and tempoi-ary conditions. (See page 131.) 
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ronments present in sections so nearly contiguous to one another as 
to occasion confusion in correlation. 

The case of the Old Red sandstone and the marine Devonian was a 
conspicuous exception to the practice indicated. In this case the 
marine faunas of the Devonian limestone were recognized by Lonsdale 
as holding an intermediate place between the Silurian and Carbonif- 
erous marine faunas; and the Old Red sandstones were known to 
occupy the interval between these two sj^'stems; hence the equivalency 
of a series of inarine beds with a series of estuary or fresh-water beds 
containing an entirely different fauna was established. But, in gen- 
eral, in the lesser cases, where faunas of the same kind of organisms 
are concerned, it has been the prevailing practice of geologists every- 
where to assume that formations must be classified in a single column. 
Since the correlation and identification of formations has depended 
on their fossil contents, this practice has resulted virtually in the 
assumption that fossil faunas whose identity can not be established 
must be either older or younger than the standard faunas to which I 
they are most closely related. 

It was in the belief that this practice was erroneous and was lead- 
ing to false conceptions of geological history that the investigations 
here described were begun. But the difficulties in the way of demon- 
strating the fallacy of the practice were great. Since the fossils are 
the only means by which the identity of two formations found at a 
distance from each other can be established, it seemed like a contra- 
diction to say that two formations with unlike faunas may be identi- 
cal in age. In order to test the question, it was necessary to take a 
region in which, for considerable distance, the structure of the rocks 
was so simple and so little disturbed that the stratigraphical equiva- 
lency of the beds could be traced with a high degree of certainty from 
one end to the other, independently of the fossil contents. Such a 
set of conditions appeared in the Devonian rocks of New Ya^k, Penn- 
sylvania, and eastern Ohio. It was proposed to make a series of sec- 
tions cutting through the same general part of the geological column, 
at intervals of about 50 miles, extending eastward as far as the Hud- 
son River Valley and westward as far as the Cuyahoga Valley at 
Cleveland, the first trial section having been made along the meridian 
running through Ithaca, N. Y., in 1881-82. Minute study of each sec- 
tion was to be made ; the \f ossils were to be collected from each f os- 
siliferous zone, the position of which was to be carefully noted, and 
the faunules so collected were to be separately analyzed and listed. 
Intermediate traverses were to be made to tie together the sections 
by clearly recognized continuous strata, so that the stratigraphic 
equivalency of the parts of each section could be established with cer- 
tainty. The work was begun privately in Cornell University, but the 
necessity of transgressing State lines led to the association of the 
university with the United States Geological Survey, by whose ofB.o.\ssJ^ 
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sanction and financial assistance the necessarily slow process of accu- 
mulating the statistics has proceeded. At the outset Major Powell, 
then Director of the Survey, and Mr. Charles D. Walcotl, tlien in 
charge of Paleozoic paleontology, gave their valued encouragement . 
The task was a large one, but its importance was also great. A sin- 
gle person could not expect in a lifetime to execute the whole work 
required to solve the problem, and therefore graduate students at Cor- 
nell University, and later at Yale, seeking practice in geological inves- 
tigation, were interested in the work, and original research along these 
lines was intrusted to them. A large amount of statistics has been 
thus gathered. 

These investigations have now been going on for twenty years, and 
numerous geologists have taken part in them. In the year 1885 a 
brief report of the general results attained up to that time was made 
before the American Association for the Advancement of Science. « 
At that time ten of the sections had teen run, viz: Cuyalioga, Ohio; 
Painesville, Ohio; Girard, Pennsylvania; Chautauqua, New York- 
Pennsylvania; Genesee, New York-Pennsylvania; Canandaigua, New 
York; Cayuga, New York; Tioughnioga, New York; Chenango, New 
York; Unadilla, New York. The fossils were collected from the 
separate faunules, and certain general conclusions were then evident. 
Since then Messrs. Prosser, Clarke, Darton, and others have puslied 
the sections farther east, and they have been extended, with the aid 
of Messrs. Van Ingen, Weller, and Kindle, into Missouri, Arkansas, 
Kentucky, Indiana, Virginia, and ^Vest Virginia. Messrs. Geig(M* and 
Sayles have added collections from the Appalachian region. The 
Maryland geological survey is adding to the statistics for Maryland, 
and investigations are now going on in many other regions of the 
United States. Preliminary study of most of the collections has been 
made. The investigations foi* some jmrt of the field have been car- 
ried much further than others, but the undertaking has now reached 
a stage in which it is possible to exhibit the general bearings of the 
results upon the whole field of stratigraphical geology and to states the 
principles u^on which the investigations have proceeded, as well as to 
suggest at least what may be expected in the future, when the facts 
shall be fully elaborated. 

In the preparation of this report I have been obliged to refer often 
to the statistics already gathered. Some of them, accumulated b}^ 
myself or under my direction, have been published. Other statistics, 
in the form of unpublished notes, compiled in the course of elaboi-a- 
ting the collections, have also been freely consulted. In addition to 
these sources, the reports of others working in the same field have 
been used, and for all such statistics I am deeply grateful to tlie 
contributing authors. The bibliographic list is large, and may be 



a On the classification of the Upper Devonian: Proc. Am. Assoc. Adv. Sci., Vol. XXXIV, 1H86, 
pp. 222-234. 
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referred to for the names of those to whom I am chiefly so indebted. 
Works not mentioned in that list, such as standard reports on the 
paleontology of groups and State and Government reports on the 
geology and paleontology have also been consulted for such facts as 
bear upon the questions discussed. I wish also to acknowledge my 
indebtedness, on the theoretical side of the subject, to the suggestions 
of others, though the Influence of these may not always be directly 
traceable. Barrande's theory of colonies ; Newberry's theory of cycles 
of sedimentation ; the principle of separate f acies for each formation 
elaborated by Renevier; Chamberlin's theories regarding the relation- 
ship of restriction of faunal occupation of sea-bottom to continental 
oscillation and the base-leveling of continents — these have all been 
taken in and digested in elaborating the hypotheses here advanced. 
Finally, with high appreciation of valuable assistance rendered, I 
wish to acknowledge my special indebtedness to Messrs. Prosser, 
Harris, Van Ingen, Weller, Kindle, and Cleland, who, as graduate 
students at Cornell and Yale, have entered with enthusiasm into the 
investigations, and who are still engaged in prosecuting them with 
vigf)r and success in different parts of the field. 
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CHAPTER I. 
THE PRnSrCIPIiES OF CORRBIiATION. 

IMPORTANCE OF CORRELATION. 

In the Ninth Annual Report of the United States Greological Survey 
(1889), the Director called attention to the importance of correlation 
in the work of the Survey. His words are : 

In order to develop the geological history of the United States as a consistent 
whole, it is necessary to correlate the varions local elements. . . It is especially 
important to determine the synchrony of deposits. So far as the ontcrops of stnita 
can be continnonsly traced, or can be observed at short intervals, correlation can 
be effected by the study of stratigraphy alone. The correlation of strata sepa- 
rated by wide intervals of discontinnity can be effected only through the study of 
their contained fossils. This is not always easy, and it is now generally recog- 
nized that it is possible only within restricted limits. As distance increases the 
•refinement in detail of correlation diminishes. 

Recent discussions in connection with the work of the International Congress 
of Geologists have shown that different students assign different limits to the i)os- 
sibilities of correlation and give different weights to the various kinds of paleon- 
tologic evidence employed. 

The study of the data and principles of correlation is thus seen to be a necessary 
part of the work of the Geological Survey. '« 

CORRELATION DIVISION OF THE U. S. GEOLOGICAL SURVEY. 

A division of the Survey was thereupon established for the i)urpose 
of preparing essaj^s on correlation, and summarizing existing knowl- 
edge bearing on the correlation of American strata. A number of 
essays were subsequently prepared by specialists and publislied as 
bulletins of the Survey. Those now published are as follows: 

No. 80. Devonian and Carboniferous, H. S. Williams, 1891. 

No. 81. Cambrian, C. D. Walcott, 1891. 

No. 82. Cretaceous, C. A. White, 1891. 

No. 83. Eocene, W. B. Clark, 1891. 

No. 84. Neocene, Dall and Harris, 1892. 

No. 85. Newark, I. C. Russell, 1892. 

No. 86. Archean and Algonkian, C. R. Van Hise, 1892. 

This attempt to bring together the facts available for the correla- 
tion of American formations was a direct consequence of the work of 
the International Congress of Geologists, and particularly^ of the 
American committee of the congress whose report was made to the 
London session of the congress in the year 1888. 



"Ninth Ann. Rept. U. S. Geol. Survey, 1889, p. 16. 
10 
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DUAL NOMENCLATURE. 

It was while acting as a member of the j^merican committee which 
was engaged in preparing reports on the American systems for the 
International Congress that I became impressed with the necessity of 
a dual nomenclature. The common usage abroad, as here, was to 
name and classify geological formations only. Fossils were a means 
of their identification, but no attempt had been made to distinguish 
the limits of the life range of the fossil faunas from the formational 
boundaries which were established on lithological and stratigraphical 
grounds. 

The principle of distinguishing the faunal from the formational 
classification and nomenclature was thus summarized in the Compte 
Rendu of the Fourth Congress. 

Prof. H. S. Williams at the Albany meeting [1887] suggested an important 
fundamental idea, and one which may influence materially the final distribution 
of terms in stratigraphic nomenclature, viz, the adoption of a dual set of designa- 
tions — one set, that referring to the lithological character of the rock masses and 
hased on geographic names, will be liable to vary as the strata change from place 
to place; and the other, based on some great and i)ersistent life characters, shall 
refer to the faunas of those rock masses and be substantially constant over large 
areas, and perhaps over the world. It is very evident that great confusion has 
resulted in the past, among geologists, by confounding these distinctions, and 
much controversy has arisen in attempting to maintain one or the other of these 
different zonal designations. Stratigraphic work has been ignored, or at least 
neglected, by paleontologists, and the practical field geologist has been tempted, 
in some instances, to ignore, if not to deny, the assertions of the paleontologist. 
Instead of this confusion there should be introduced some new departure. The 
confusion results from a confusion of nomenclature. Faunal characters have 
been made to have the force and the usage of stratigraphic designations and have 
been extended as stratigraphic features over strata where the faunal characters 
are wanting. Again, stratigraphy, based on natural and great lithological dis- 
tinctions, having been defined in one region by its faunal associations, is extended 
over other States by one geologist so far as he finds the lithology to warrant, and 
by another so far as he finds the i)aleontology to warrant. 

\ There are, hence, two laws by which we must be governed in framing a scheme 
jaf nomenclature which shall allow the freest rein both to the stratigraphic geolo- 
jgist and to the paleontologist. One relates to the work of the stratigrapher, who 
/takes account of the great physical changes to which the earth's surface has been 
subjected, and the other refers to the work of the paleontologist, who strives to 
delineate the organic changes which the surface of the earth has witnessed. 
These changes have been supposed to be coeval and coextensive: but our investi- 
gations show they have not been so entirely. But we sometimes have the same 
fauna, or nearly the same, living under different circumstances, and, perhaps, 
also at different dates, in different parts of the world. 

So long as the geology of the United States, for instance, was known accurately 
in only one part (New York State) the faunal characters which the formations 
were found to exhibit were seen to l>e coincident with the stratigraphic to so great 
an extent that there was no reason to dissociate them under separate schemes; 
but since the whole area of the United States is being brought under careful 
examination, it is found that the close connection which these two classes of 
characters have in New York State is broken up and they be^in to diverge la^rad- 
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ually in various places and in different ways. The same exjierience is found, to a 
greater or less extent, as any local terms are extended from any of the Stat<^ into 
those contiguous. This plainly shows that unless there l)e allowed great free<loni 
to vary from the scheme adopted for stratigraphic designations, any nomenclature 
which the committee or the International Congress may adopt will l)e hut a short- 
lived exi)eriment. 

It will obviate all this confusion if * * * one set of names be chosen for the 
lithological characters and another for the faunal. 

The stratigraphic terms should be wholly geographic and should be allowed to 
change as often as local geologists deem it is necessary. The faunal terms should 
be very broad in their scope at the outset, and subdivisions should be introduced 
as fast as the special subfaunas are discovered and defined. '' 

This was stated more explicitly in a paper pul)li8lied in 1804.'' 

As surveys have advanced, and as the field of geological correlation 
has gone beyond local and national boundaries, the task of establish- 
ing correlations has made the necessity of a dual nomenclature 
more imperative. Correlations between widely separated regions arc* 
now established on the basis of fossils alone. Correlations on the 
basis of continuity of lithological peculiarities ai*e already' known to Ix* 
valid for only limited areas. Thus geologists throughout the worhl 
are already adopting the principle of a dual method of correlation, 
although the nomenclature and classification of (correlation arc* still 
primarily conjoined with lithological formations, the names of wliicOi 
furnish the only means of distinguishing the faunas and floras wliicli 
thej^ contain. 

This lack of a nomenclature b}' which to distinguish the lithologic- 
ally defined formation from the biologically defined fauna (which 
may or may not be limited in its range b}' the boundaries of t.he for- 
mation) can be supplied only through discrimination of the (*harac- 
teristics of actual fossil faunas and a demonstration of tlieir 
independence of the limiting conditions by which the formations arc* 
defined. If it can be shown that fossil faunas and floras can Ix* dis- 
criminated, defined, and discussed separately from the format ions, 
which now constitute the only elements of geological classification, 
not only will the separate nomenclature naturally follow, but the* fos- 
sil fauna will then become, as it is now partially recognized to In*, the 
definite means of cletermining tlie time relations of geological for- 
mations. Such a discrimination is attempted in the* following pages. 

In order to exhibit the characteristics of faunas a concrete casc^ is 
selected from amcmg the faunas of the Devonian system, the* choice 
having been determined b}^ the abundance of the facts already gath- 
ered regarding Devonian faunas. Abundance of fossils, frc^ciuency of 
exposures, and wideness of distribution distinguish the ITamilton 
formation of the New York section above all other formations in the* 
country. The large number of workers, the degree of refinement in 
analj'^sis, and tlie fullness of publication of the statistics r(\garding 



aCompte Rendu Congrds G6ologique International, fourth se$9Sion, 1888, A 91. 

tOn dual nomenclature in geological classification, by H. S. Williams: Jour. Qeol., Vol. II, p. 145. 
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the Hamilton formation have made it possible to treat the facts con- 
cerning it with a degree of precision that would not be possible in con- 
sidering a formation which is less perfectly known or one the facts 
concerning which are scattered and but imperfectly classified. 

For the discussion of a geological fauna it is also important to have 
some conception of the environmental conditions under which it lived 
and the succession of conditions which have preceded and led up to 
them. Thus, to understand the fossil fauna preserved in the Hamil- 
ton formation, it is needful to reconstruct the physical conditions of 
the Devonian sea in wliich the fauna lived, and to look backward 
over the history of that sea for soine considerable period of geological 
time. In order to describe a fossil fauna it must be traced back to a 
time when it was not, and onward till it has ceased, and thus the his- 
tory of the basin in which the evolution has taken place is incidental 
to the description of the fauna itself. 

DEFINITIONS AND NOMENCLATURE OF FAUNAL PALEONTOLOGY. 

The primary fact that fossils may be used in identifying formations 
and tracing them from place to place was announced and demonstrated 
by William Smith. Many other laws regarding the order and suc- 
cession of fossils have been formulated by d'Archiac, Bronn, Pictet, 
Lyell, Brongniart, Zittel, and other writers on paleontology. But in 
addition to these fundamental and established laws of the relations of 
fossils to formations, there are some special facts or principles per- 
taining to the relations which living organisms bear to their environ- 
ment and to each other, brought out by the study of organic evolution, 
which require definitions and lead to the adoption of terms differing 
somewhat from those in common use, at least with special application 
to correlation and the expression of time relations in geology. 

The question here raised is not. Can geologic formations be corre- 
lated by their contained fossils? The fact of correlation is taken for 
granted; but the questions are. Wherein does correlation consist? 
What is done in correlation? Upon what principle are correlations 
made? 

Thus the discriminations to be made pertain to the relations which 
fossils bear to one another, to the geological conditions of preserva- 
tion, to the conditions of their living and continuing to live in the 
past, and, finally, to the value of fossils as means of distinguishing 
different periods of geological time as well as of identifying like periods 
of time represented by them. 

ANIMAL AND PLANT AGGREGATES. 

To discuss organisms in their relations tx) time, it becomes necessary 
to treat of them in aggregates and to discriminate the reasons for 
which the particular aggregations are made. 

The zoologist associates organisms on the basis of their morpholog- 
ical affinities, and calls the aggregates specie^^^<evi^i^^^«t^^^'^^^\R.. '^^^ 
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specimens belong to tlie same species because the morphological cliar- 
acters which the zoologist regards as of specific rank are alike in thci 
two specimens. The members of the same order are thus classified 
together because they exhibit the same ordinal charact.ers. Tlie 
members of the same species were formally supposed to be so asso- 
ciated because of their genetic affinity — i. e., descent from common 
parents; but we are now accustomed to recognize community of char- 
acters, of whatever rank, as an indication of the genetic affinity- of the 
organisms exhibiting them. The difference l)etween ordinal affinity 
and specific affinity is one of degree, not of kind ; the members of the 
same order are genetically related, but the relationship is more distant 
than that of members of the same species. Thus the terms species, 
genus, order, and class are applied to aggregates of plants and animals 
on the basis of their genetic affinity, and the several terms indicate 
the degree of nearness of affinity. The individuals associated 1o form 
a particular aggregate of this kind may be fossils or living beings, 
and they may come from opposite sides of the earth, but tliey are 
associated on the basis of the likeness of the morphological charactin-s 
they possess, and they are classified on the basis of the theoretical 
relative degrees of kinship they bear to one another. . A species or a 
genus is therefore an ideal aggregate. No one ever sees tlie whole of 
a species, and only as its relationship to place and time are indicated 
can the aggregate called a species be defined. Furthermore, the ternfS 
species, genus, etc., are arbitraril}^ applied in every particular case. 
In other words, there is no standard except common practice to deter- 
mine what characters are of varietal, specific, or generic rank. But 
the law is well established that the aggregate shall be named in the 
order of degree of affinity by the terms species, genus, famil}^ order, 
class, etc., terms implying, progressively, near to more distant kinship. 

A second mode of classifying organic aggregates is on the basis of 
their relationship to environment, or to the conditions oF life. Thus 
we find Walther, in his "Bionomie desMeeres" (IS7.'3), adopting and 
applying Haeckel's terms: Hahbios, the total aggregate of living 
beings inhabiting the sea, as distinguished from JjivtNobios, the 
inhabitants of fresh water, and from Geobios, the organisms inhab- 
iting the land. The marine organisms {Hcdobios) are subdivided 
into Be7ithos, those living on the bottom, as distinguished from Ned-on 
and Planktmi, the inhabitants of the open seas. Depth of range of 
faunas or floras is indicated by such terms as littoral or abyssril. Sucih 
aggregates are made without consideration of genetic affinity or like- 
ness of form; all kinds of animals and plants living together are 
included. The general basis of th(^ classification is coincident witli 
area of geographical distribution, and the relationship determining 
the classification is the adaptation of the organisms to the common 
conditions of environment. 

A third kind of aggregates of organisms is defined by the geologist 
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He speaks of Paleozoic faunas, Carboniferous floras, the fauna of the 
Trenton or of the Cambrian or of the Eocene. The basis of aggrega- 
tion in these cases is the fact of living at the same time, or period of 
time, in the earth's history; or, to speak more abstractly, the geolog- 
ical range of the organisms. The Eocene fauna includes all the ani- 
mals, of whatever descent or of whatever zoological rank, existing in 
all kinds of environments, of which fossil remains are known occurring 
in the Eocene formations of the whole world. As at present defined the 
term Eocene is applied to formations of different lithological kinds, out- 
cropping in various parts of the world, the only final test of the Eocene 
age of which is the uniformity of the faunas. Hence it is evident that 
the assumption is made that the whole life of the globe for each period 
of time is in a marked degree alike for like conditions of environ- 
ment. But this conclusion is true only when the qualifying phrase 
in a marked degree is kept in mind, for a comparison of the faunas 
and floras from different parts of the earth now living shows them to 
differ, though living under like conditions of environment. 

Students of geographical distribution have shown that in distant 
parts of the same ocean the species are widely divergent, as much 
difference existing between the marine faunas of the southern and 
northern temperate zones as between the faunas of two successive for- 
mations of a continuous geological section. It is evident from this 
observation that discussions of the time relations of fossils must treat 
not only of the genetic affinity of the forms making up a fauna, but 
of the geographical distribution and of the geological range of the 
species concerned. 

While species, genus, etc., have been adopted as terms to express 
genetic affinity of the organic aggregates under consideration, fauna 
and flora are general terms used to indicate aggregates of animals or 
plants associated on the basis of their geographical disfributiori (or 
adaptation to similar conditions of environment) and their geological 
range (or place in the evolutional histoiy of the total life of the globe). 
It is no longer internal structure but external conditions which 
determine these latter aggregations 

In discussing fossil aggregates of organisms we have to consider, 
therefore, this threefold relationship they bear, viz, (a) to zoological 
and botanical classification, (b) to geographical distribution, and (c) 
to geological range. 

ZOOLOGICAL AND BOTANICAL CLASSIFICATION. 

The first kind of relationship is expressed by the internal structure 
possessed by the organisms themselves; hence the de.finition (»f an 
Hi?gi'^gHte of this kind is in terms of morphological characters, and 
its classification is based upon the rank (thetaxononiic rank) of these 
characters, which is indicated by the technical name of the species or 
genus or order to which the individual organism is said to belong. 
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What is actually meant in such classification is that the individual 
specimen to which a particular specific name is applied exhibits in its 
morphological structure the charactei's wliich have been described 
under the specific name used. In the same way, to say that a certain 
animal or plant belongs to a particular genus means that it possesses 
the characters to which the generic name used has been scientifically 
applied. 

The specific and generic name given to a fossil applies to tlie peculiar 
morphological characters recognized in the scientific definition of the 
species or genus, and in giving it we are not dealing with tlie individ- 
ual as a whole or with aggregates of individuals, but only with the 
particular characters exhibited by the individuals implied by the 
name. When, for instance, it is stated tliat Phacops hufo lived as 
long as a third of the time represented by the Devonian system, it is 
not meant that any individual specimen continued to live so long, but 
that in genetic succession tlie specific characters of the sjx^cies Pharops 
hufo were repeated without noticeable and x)ermanent modilications 
during that i)eriod of time. We are not dealing with the biological 
aggregate, a taxonomic species, but with the geological aggregate, a 
living succession of individuals — the race. 

The terms of zoological and botanical classification are const ructed, 
primarily, to apply to litnng organisms — animals and plants. Afd u tut 
has thus come to mean, in scientific usage, an aggregate of animals 
of different kinds structurally, associated on the basis of some condi- 
tions existing outside the animals themselves. These conditions may 
be kind of element, as air, water, or land inhabited; place, as coun- 
try, mountain, sea; altitude, as plain, plateau, or mountain, or zones 
of depth in water, or geological formation, or kind of sediments in 
which the remains are preserved as fossils. Flora is a term foi* the 
aggregate of plants under like conditions. 

DISTRIBUTION AND RANGE. 

When the conditions determining the classification of the fauna or 
flora are geographical, the l)oundaries and their measurement are 
spoken of as geographical distribution. Thus the fauna is said to be 
distributed over a country or through a number of degrees of latitude^ 
or through a number of feet in altitude above the sea, or through a 
number of fathoms of depth below sea surface. Geogi*aphical distri- 
bution is concerned with the relation of organisms in faunal or floral 
aggregates to the position of their living, if living forms, or of their 
burial if fossils. 

Bange and geological range are terms which signif 3'^ that the criterion 
of association is geological rather than geographical, and refer to the 
association of organisms with geological formations. Thus a genus is 
said to range from the Cambrian to the Devonian systems; or the 
geological range of a species or f aiina may be said to extend from one 
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formation to another. Tliis use of the term range in illustrated by 
the phrase '^Atrypa reticularis has a long geoh)gical range in Paleozoic 
time." The range of fish must be carried l>el()w the Devonian and 
Silurian (where it was previously supposed to begin) because of the 
discovery of the wonderful fish remains in the Harding sandstone of 
Canyon, Colo., associated with a Trenton limestone invertebrate fauna. 

In order to discuss the problems of the time relations of organisms 
it is necessary to use the terms range and (list rib niton to refer resi)ec- 
tivelyto geological and geographi(?al space, and to note that the facts 
concerning the range of species and genera are stated in tei'ms signi- 
fying position in and thickness of formations. Range in time, oft/cn 
referred to, must be determined by relationship of the faunas or 
species to one another, and this is another method of the discrimina- 
tion of the faunas, a method which is neither geographical nor geolog- 
ical, but, as we shall see, organic, and which is strictly a measure of 
the life history of organisms in evolutional succession one to another. 

The importance of the distinction between rang e and distribution, 
as applied to fossils, is apparent when it is considered that the evolu- 
tion or modification of the form of organisms may be coincident either 
^th change of place during the same epoch of timejprlwith passage 
of time in the same area of space. Fossils can be used as indicators 
of uniformity of geological horizon only within "the limits of their 
modification by conditions of geographical distribution. If the form 
of a fossil varies according to the nature of the sediments in which it 
is buried, indicating different conditions of life, the extent of that 
variation and the relation of the change of form to the particular 
nature of the sediments must be observed before the characters of the 
fossils can be accurately applied in discriminating their age. 

It has been ascertained, as will be illustrated beyond, that a fossil 
species may recur at successive zones for a thousand or more feet of 
thickness of strata without showing greater modification of form 
than is expressed in specimens of the same species obtained from the 
same stratum. It can also be shown that the species making up the 
fauna of rocks not over 100 miles distant from each other, which by 
other means are proved to be at the same geological horizon, may 
present greater differences than the successive faunas of a single sec- 
tion extending over a range of many hundi*eds of feet. These facts 
lead to the discrimination of the idea of variation and to the applica- 
tion of that term to indicate differences expressed by specimens of 
the same species — differences arising coincidently with endension of 
geographical distribution and change in conditions of environment; 
while the term mutation is technically applied to those changes of form 
that are coincident with passage of time, and hence to generational 
succession under conditions of life so nearly the same that extinction 
of the race does not result. 

In treating of the relations of organisms to time and of their evolu- 
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tional history, it becomes necessary to notice the fact that each indi- 
vidual organism expresses the characters by which the taxonQmic 
divisions of all ranks are defined. When one si>eak8 of a 8pecie> 
living in a certain locality or at a particular period of time, the 
expression is not strictly true; the species (or the genus) is a cate- 
gory, not a living body. 

The fact in the case is that individuals live, developing the charac- 
ters of some species, or of the specific category. Each individual is nc 
more a species than it is a genus or order or class; and whenever one 
is speaking of the time range of a genus or species, it is necessary tc 
understand that what is meant is the time range of the particulai 
specific or generic characters, as the case ma}^ be. By forgetting thig 
point one is liable to think that the species #ited as characteristic ol 
a particular epoch of geological time suddenly became extinct when 
the formation holding it is succeeded by another containing different 
species. 

So long as representatives of a genus continue to appear it is 
necessary to assume that there has been a continuous succession ol 
living individuals arising by direct generation one from another. 
Whenever a new species appears in the rocks it is not to be supposed 
that it had no immediate ancestors living at the time of sedimenta- 
tion of the subjacent formations. So long as a family exists in the 
world, it is also necessary to assume that genera and species have 
continuously existed, and their absence from the formations does not 
indicate that they did not live in the zones of sedimentation which 
lack their remains. 

These observations make plain the reason for the introduction oi 
the ideas expressed by the terms migration and shifting of faunas, tr 
account for absence of faunas, in the place of the idea of extinction 
held by the earlier geologists. Not only must we conceive of whole 
faunas, as well as individual species, migrating, but it is necessary? 
to assume that, coexistent with thick formations that are barren oi 
fossils there were living, in probably not very distant localities, faunae 
made up of abundant individuals of many kinds of different species 
and genera. This fact will explain also why it is necessary to take 
into consideration the question of migration in order to make corre- 
lations with precision. . Other problems, which will be discussed 
farther on, are suggested by the fact that the evolutional accountinji 
for divergence of characters implies always a continitous, uiibroken 
series of generations for each race of organisms until it becomes 
extinct. The characters which are of specific rank at one time in the 
history of a race can not take generic rank in another part of the his- 
tory. The passage from varietal to specific rank, advocated by Darwin 
in the "Origin" as the mode by which species originate, does not appl> 
ji to specific characters^ since the reason for the distinction between 

variety and species is, so far as the characters are concerned, pur ely a 
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question of permanency. The evanescence of the varietal character in 
generation is the reason for calling it varietal; when it becomes fixed 
and is repeated without change its rank in the vital economy deter- 
mines whether it be classed as a spec ific, generic, ordinal, or class 
c hara cter. The changing of the characters of all ranks of taxonomic 
value and the length of the reproduction of the several characters 
without change are chiefly the measures of that taxonomic rank, since 
the classification of the organisms into the taxonomic groups, species, 
genus, order, etc., is regarded as natural only when the groups of 
higher rank are strictly inclusive of those of next lower rank; 
and this could happen only when the higher characters were present 
before the distinctions of lower rank were produced. For instance, 
it would be impossible to conceive of the distinctions between two 
genera arising by evolution before the ordinal characters had been 
evolved — i. e., in a natural classification. Hence, the higher the rank 
of the zoological character of an animal the more ancient the history 
of that charaxiter. The application of the principle may be expressed 
by saying that in identification of fossil specimens for purposes of 
correlation it is imperiatively necessary to know the taxonomic rank 
of the characters by which the identification is made. If a generic 
character be interpreted as evidence of a particular species, the cor- 
relation inferred from the fact may be false, since the range of the * 
specific character in most cases must be far shorter than that of a 
generic character of the same group of organisms. 

From the preceding remarks it follows that fossils, either as taxo- 
nomic aggregates based on genetic affinities or as aggregates asso- 
ciated on the basis of living together, can not be considered simply by 
morphological features, but that their chronological relations must be 
distinctly noted. In considering a species^ the paleontologist must not 
only consider all the descendants of a common parent and those differ- 
ing from, them no more than they differ from one another^ but must con- 
sider the descendants which do differ^ and the length of time during 
which generation continues in the race with retention of the specific 
characters. The idea of continuity of race is an element in the geo- 
logical study of species. 

In like manner a fauna at any particular instant of time includes all 
the species of animals living together under a particular, though very 
complex, combination of environmental conditions. The paleontolo- 
gist has to extend this idea to include also the length of time through 
which the fauna persists without loss of the characters essential to the\ 
fauna. 

Thus the paleontologist is not only forced to consider the time rela- 
tions of species and faunas, but it is by means of the relations of f ossi Is to 
one another that periods and epochs of geological time are distin- 
guished. 

A living species may be classified by its taxcmomic characters audXii^ 
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identified with forms living within a particular geographical area of 
distribution ; but this is not a sufficient discrimination of a fossil species. 
The life period through which successive generations reproduce the 
same characters is an important part of the paleontological discrimina- 
tion of a species. In order to so discriminate fossil species, their time 
relations must not be obscured by making them coordinate with tho 
formations in which the fossils are preserved. The time relati<ms of 
a fauna are so obscured so long as we liave, for instance, no means of 
naming the fauna of the Hamilton formation except by calling it the 
Hamilton fauna. So long as we have but a formational name to apply 
to the fauna, any question as to the continuance of the fauna later in 
one region than in anotheffcan not be stated, since the presence of the 
fauna is the only certain evidence of the upward extension of the 
formation. 

In order, therefore, to deal with the fauna separately, it must be 
designated Jiy^^^ biological name. 

GEOLOGICAL FAUNAS AND THEIR NOMENCLATURE. 

In order to demonstrate the independence of faunal history from 
the history of formations, as commonly defined, on a lithological basis, 
it has been found necessary to study a fossil fauna as an aggregate 
of species living together, and not as an aggregate of fossil remains 
occurring in and characterizing some particular geological formation. 
As commonly understood and as represented in the collections of 
museums, fossils are tabulated and arranged by formations. What- 
ever specimens have come from rocks classified as the Hamilton for- 
mation, for instance, are put together as constituting the fauna of 
the Hamilton formation, and, as has been previously noted, this 
makes it rarely possible from the lists (or from the collections so 
gathered) to determine with precision the range of the species. Again, 
rarely in the older lists is the abundance or rarity of species of a 
fauna noted, and the collections are often deceptive in this respect, 
since the collector is, for economical reasons alone, apt to neglect 
common forms, while rare forms are selected with great care and 
every trace of a newly discovered species is retained. 

In order, therefore, to exhibit the full time value of fossil faunas, it 
becomes necessary to observe all those relations which the individual 
fossils bear to the environment in which they lived and to each other 
as they were associated as living individuals of a composite fauna. 
In thus analyzing fossil faunas the most conspicuous fact presented 
to the collector is the different degrees of abundance in the general 
distribution of fossils in the rocks. Fossiliferous zones are thus set 
off from unfossilliferous or barren zones. Such zones, distinguished 
on purely paleontological grounds, are entirely distinct from the 
geological formations of our maps and geological reports. A fos- 
siliferous zone may be coextensive with a formation vertically in one 
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section, while another exposure of the same formation may be broken 
up into several fossiliferous and barren zones; and still another 
exposure of the same stratigraphical formation may be barren of 
fossils from bottom to top. 

In order to define such zones it becomes necessary to note and 
record their place in the vertical section of strata making the forma- 
tion. This is indicated most conveniently by measuring distance 
from bottom or top of the formation This stratigraphical position 
of the fossiliferous zone in the section of the geological formation is 
its horizon, 

A fossiliferous zone may occupy the same horizon, a higher horizon, 
or a lower horizon in two exposures of the same formation, according 
as its position relative to the top or bottom limits of the formation is 
the same, higher, or lower. 

A fossiliferous zone may increase in thickness on following it in 
one direction, and decrease in the opposite direction, in proportion as 
the thickness of strata through which the fossils prevail increases or 
decreases in the section. 

A fossiliferous zone may appear gradually on following the strata 
upward, or it may appear abruptly, being sharply contrasted with a 
subjacent nonfossiliferous zone. It is often the case that the central 
portion of a fossiliferous zone is richer in kinds of ft)ssils than are 
its lower or upper portions. Species which are proportionately dom- 
inant at the fir^t appearance of the fauna may disappear when the 
full expression of the fauna is seen, but reappear as the species 
become rare in the upper strata of the zone. 

Thus, for instance, Leiorhynchus is apt to occur on the borders of 
a fossiliferous zone, and is less frequently met with in the center of a 
richly fossiliferous zone; Lingula and Discina SLve more frequently 
found in sparsely fossiliferous zones than in association with many 
other species or genera. 

When it is necessary to speak of a portion of a zone, be it fossilifer- 
ous or not, the terms bed or band or stratum are used. 

In this connection it is important to note that in ordinary sedi- 
' mentary rocks, limestone (or the calcareous element of the sediments) 
is reasonable evidence of fossils, although present in a pulverized 
condition; and for purposes of discrimination between fossiliferous 
and nonfossiliferous zones, limestone should be classified among the 
fossiliferous zones although the forms of its fossils are obliterated. 
In like manner a coal bed is a mass of fossil plant remains. 

The kinds of strata in which the forms of fossils are in general best 
preserved are those ranging between coarse sandstone and pure 
limestone. In the former the roughness of the original conditions 
under which the formations were made was ill adaj^ted for marine 
organisms, while the pure limestones were formed under conditions 
favorable for such organisms; but, on account of the absence of sands 
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and muds to cover tlie shells and other hard partes of the fossils, these 
were ground up by the action of waves and curnrnts, and their s!i])- 
stance, though not their forms, was i)reserved. 

A zone may be traced from place to place, as may the formation 
itself, and whenever a zone runs out or thickens, or breaks up into 
alternate barren and fossiliferous zones, the facts relate to the rou- 
tinuity or discontimnty of the zone. Contin u ify and disconfiti u ity are, 
therefore, terms describing physical conditions, and are applicable in 
describing the persistence or reappearance of the same or parts of 
the same zone in different localities. But a zone is a part of a i)hys- 
ical formation and is not a fauna or a flora; the term connotes tho 
geological position occupied by the fauna, as the term proviucc (con- 
notes the geographical area of distribution of a fauna. 

Just as it is presumable that the sc^paraU* observed localities of a 
living fauna are continuous, and that all of them together makc^ up the 
geographical area or province of the distribution of the fauna, so it is 
presumable that all the outcrops of the samc^ fossiliferous zone were 
originally connected, and thus that there has l)een a continuous zone 
representing the geological range of each particular fauna whose 
remains characterize the zone. 

If no changes in geological conditions were to take place tlie geo- 
graphical distribution of any fauna at aii}^ particular time, recent or 
geological, would constitute its geographical province, and thus define 
the geographical limits of the fauna. It is, however, evident that 
geological changes have been and are constantly going on, resulting 
in the migration of faunae from place to place. It is quite conceiv- 
able, therefore, that the lapse of fhne represented hij the presence in 
the strata of tlie species of tlie same contin nons fauna may he nonsyn- 
chronousfor two sections not many miles apart and belonging to the 
same geological province. 

This fact would be explained as a case of migration of the fauna as 
a whole over the bottom of the ocean. Such a case ma}^ l)e stated in 
the following way: The fauna was a littoral fauna, living along a 
shore facing an ocean to the west ; the land in relation to ocean level 
was gradually sinking during the life period of the fauna, causing the 
littoi*al conditions of the water to transgress toward the east. As the 
sinking progressed we may suppose the fauna as a whole to creei^ 
along eastward, retaining its relationship to the littoral conditions of 
environment without modification of its species or loss of its faunal 
integrit}'. After a long time of such movement in the same direction 
it is quite conceivable that the whole area of bottom originally occu- 
pied by the special fauna might be deserted, and that too within the 
life period of the fauna, which, in the case of the Hamilton formation 
in central New York, was a time long enough for the accumulation of 
over a thousand feet of argillaceous shale strata. 

The record of such a migration would be left in the strata of the 
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whole region occupied by the sediment-receiving sea; but the place 
in the geological section of the more eastern part of the area marked 
by the presence of the fauna would represent a different period or 
moment of time from the place in the more western section containing 
the same fauna. The difference in time could easily represent half 
the period of the existence of the fauna in the province. 

The fauna in such a case may be supposed to slowly adjust itself 
to its evironment by rnigration instead of by modification, keeping the 
center of its distribution within the limits of the favorable conditions 
of depth, pressure, salinity, etc. Instead of accepting an unfavorable 
environment which has invaded its original habitation, it keeps its 
relation to the favorable conditions by changing its place of habita- 
tion, and thus by slow migration maintains uniform conditions of 
environment. * 

If, now, we adopt the term equivalency to express the fact that the 
faunas are alike, and continuity to mean that the stratigraphical hori- 
zon of a zone or formation is the same, the conclusion which has hean 
reached may be expressed by saying that fau7ial equivalency does not 
necessarily conform to formational continuity, except for areas titat are 
narrow in relation to the extent of the distribution of the fauna. 
j^This same principle of transgression of a fossUlferous zone to a 
"^rower or higher horizon in a formation on passing from place to 
place, applies as well. to the limestone beds as to the other lithological 
characteristics of a formation. On account of the transgression it 
• will be evident thsit formatiojial continuity can not be interpreted into 
exa^t time equivalency, eoccept for very limited geographical areas, the 
limits of which must be determined also upon other evidence. Not only 
may the same fossiliferous zone occupy different horizons in separate 
outcrops of the same formation, but the same formation whose strati- 
graphical continuity can be clearly traced is presumably of diverse 
age at the extremes of its geographical distribution rather than of the 
same age. Thus area, locality, distance apart, are geographical terms 
for which zone, horizon, and thickness vertically in a section are the 
corresponding geological terms. 

Systematic position in a geological section is, like geographical 
position on a map, a means of locating the place in which a formation 
is situated, and has no necessary connection with the time at which 
the original formation of the sedimentary deposit was made. 

Age, contemporaneity, equivalency, and correlation are terms of a 
different order, and rest for their discrimination upon the evidence of 
fossils whose preserved forms testify of the time when particular 
species of organisms lived, and thus become a distinct indication of 
time relations. 

Particular fossil species are not confined to single fossiliferous zones, 
but may recur again and again in successive zonea, irregularly sepa- 
rated by barren or nearly barren zones. This fact is itself an evidence 
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of migrafion; since a rocurrenee of the 8amo fosfiils in successive 
zones can be rationally interpret/cd onl}^ on the supposition that dur- 
ing the sedimentation of the barren strata the successors of the lower 
fossils and the ancestors of those that followed must have lived in 
some other locality. 

The successive zones thus become evidence of successive occupation 
of the locality at which the stratigraphic section was made, and of an 
oscillation in the movements of the shifting faunas. In order to ascer- 
tain whether the shiftings are in one direction, or back and forth, the 
successive zones must be examined and the fossils compared. The 
paleontologist is therefore obliged to examine every foot of the section 
exposed, and wherever fossils can be discovered examination must be 
made and record of the facts be preserved. 

When a fossiliferous stratum is discovered on ascending a strati- 
graphical section, the paleontological observer stops and samples 
the stratum. The fossils thus gathered constitute a faunule. The 
faunule may be found to extend upward for several inches, or possi- 
bly several feet, without apparent change. But the collector should 
observe carefully to discover the least sign of change in the fossil 
content of the faunule. 

In recording the contents of the faunule, care is needed to observe 
the proportionafs ahuiulance of the species. If collections ai-e made 
with this idea in mind the species may stand in tlie collection in the 
same relation to one another as in tlie natural faunule. In addition to 
the collection, notes should be taken of the abundant and common 
species — the rarer forms will be discovered as such during tlie study 
of the collection in the laborator3\ 

Each fossiliferous zone should be examined, and particular attention 
should te given to any intercalated bands of rock not like tlie i>re- 
vailing rock of the section, which may bear faunules of a different 
fauna from the one prevailing in the general fossiliferous zone of the 
region. It has been ascertained that these slight temporary incur- 
sions of a fauna, which may be conspicuous not man}'^ miles distant, 
are valuable guides to the direction ofihe iniijration, and they are often 
forerunners of a fauna belonging normally at a higher horizon in the 
formations. 

The faunule is a sample of the faunal contents of a fossiliferous 
zone, and, as a sample, care should be taken to keep together in their 
true relations all the species of the individual faunule, so as to permit 
no doubt as to tlie natural association of the. species when the collec- 
tions come to be more minutely studied in the laboratory. The posi- 
tion of the faunule in relation toother faunuh^s in the local section 
should be observed and recorded with precision, note being taken 
of its relative position in the fossiliferous zone, as well as its posi- 
tion in the formation as officially mapped and described in Survey 
reports of the region. 
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As the order of succession of the faunides is of great importance, 
the section should be examined from bottom to top and each f ossilif er- 
ous zone noted, and f aunules obtained and recorded as frequently as 
may be practicable. In practice it has been found that sections in 
the Devonian of New York and Pennsylvania are sufficiently alike 
for a radius of 5 or 10 miles to make the separate fossiliferous zones 
recognizable in the separate sections examined. As an actually con- 
tinuous section vertically is more satisfactory in faunal studies for 
the establishment of sequence than several short "sections whose zones 
at top or bottom have to be correlated across a covered interval, it is 
desirable to make a thoroughly exhaustive section, extending through 
the formations examined, for at least every 15 or 20 miles. The local 
shorter sections will then fall into their places in relation to the 
general sections and prevent confusion of geological mutation with 
geographical variation. 

In reporting the faunules the identification of species is of first 
importance, but for study of the biological relations of the faunas as 
such the relative abundance and evident dominance of the species is 
of almost as great importance. Only thus are the intimate relations 
of the faunas to be established and their time values brought to light. 
After these two sets of facts are recorded, note should also be taken 
of the variability expressed by the. species, and particularly those 
which are the dominant species of the faunule. It is by catching the 
particular characters of specific form which express variability, and 
the direction of the changes taking place in the form of the fossils, 
that genetic kinship of faunules is traced. 

By taking note of these characteristics of the faunules over terri- 
tories several hundred miles in extent, and ranging through the mid- 
dle and upper formations of the Devonian system, it has been possible 
to formulate several valuable rules for the discrimination and inter- 
pretation of fossil faunas. 

Faunules of the same formation, located together in the same general 
region, are more closely alike in constitution and proportionate abun- 
dance than those of widely separate regions. Hence it follows that a 
fauna has a local expression. The details and exact description of 
this local faunal expression can be stated in terms of relative abun- 
dance of the species constituting the faunules. 

Although over wide areas some of the species of a general fauna 
are recognized, the limited area within which the dominant species hold 
the same relative domina7ice in numbers over tlie other species maj^be 
clearly distinguished by the statistics of the faunules. 

By comparison of the species of the faunules in their relation of 
relative abundance a standard list of dominant species is formed, and 
the region over which this standard is preserved may be called the 
metropolis of ih e fa u n a. 

By the same method the faunules express for several numbers in 
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succession the same dominant species. So long as this is the (^ase it 
maj' he assumed that the same fauna is under examination. When 
the dominant species become replaced by others a change in the fauna, 
is taking place, though it may be shown that a large majority of the 
species are identical. 

This maintenance by a fauna of the same relations of abundance 
and rarity among the component species may be called the bionic 
equilibrium of the fauna, since we can not assume that the whole 
fauna dies out and a new one comes in, but rather must believe that 
the fauna changes by an adjustment of equilibrium among its species. 
Some of the species may become extinct, some of them maj' be modi- 
fied, and some may be left behind or become separated from the main 
fauna in the course of its migration. 

The term bionic refers to the quality of persistence in transmitting 
the same cliaracters from generation to generation, a quality that is 
recognized by the presence of the same species in the same relative 
abundance in the successive faunules. This relative abundance of 
individuals of the same species is thus taken as the evidence of the 
bionic rank of the species in the faunule at the particular time in 
which it lived. 

It has been observed that species having a high bionic rank ai'e 
more variable than those with low bionic rank; therefore it is to l>e 
expected that the varietal forms which are destined to become the 
new species of later stages of the fauna will be found among the 
varietal forms of dominant species. On the other hand, the dominant 
species of a new fauna are likely to be the rare forms of an antecedent 
fauna which in the revolution of the conditions have gained in bionic 
vigor and replaced the old species which have lost their bionic domi- 
nance. It is to catch this replacement of the old fauna by a new one 
that the observer should watch with care the thin occasional inter- 
calated beds containing species either wholly or in part different from 
the prevailing fauna. 

It has been often observed that the first traces of the new over- 
lying fauna are to be detected almost pure in such little zones occur- 
ring in the midst of the normal rocks of a formation several feet 
or even tens of feet below its actual top. Much light is thrown 
upon the time relations of faunas and upon the shifting of sedi- 
ments and faunas (to be ultimately interpreted into elevation and 
depression of parts of the earth's surface in relation to other parts) 
by noting precisely the sequence of faunules, and particularly the 
first evidence of change in the faunal contents of the zones of a con- 
tinuous section. 

The question of bionic values may be discussed more satisfactorily 
farther on in this paper, after the presentation of concrete examples 
to be used as illustrations. The general conception of bionic relations 
and values is given in a paper first read before the Geological Society 
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of Washington in 1901." In this i)aper definitions tending to clarify 
thinking in these directions are given. In another paper,* read 
before the Connecticut Academy, February 12, 1002, a ])rief synopsis 
of the results of the investigations given at length in this bulletin 
are stated, and some laws not specifically formulated in this paper 
are. there given. 

In order to call attention to the distinctions which are made by a 
separation of the discuasion of fossil faunas from that of the geolog- 
ical formations in which record of them is preserved, it may prove 
useful to mention in this place tlie terms in common use as well as 
those here introduced, classified according to their application to 
formations or faunas. 

NOMENCLATURE OF FORMATIONS. 

Formations are portions of the rocky crust of the globe. They may 
be called igneous, sedimentary, or metamorphic, according to their 
mode of origin. They may receive lithological names, as granite, lime- 
stone, or sandstone, according to their lithological constitution. 

The terms sheets, intrusive or extrusive strata, lenses or lentils, 
apply to formations on the basis of their geological structure. . 

They are called crystalline, schistose, stratified, or oolitic, on the 
basis of their texture. 

They are described and mapped as occupying particular geographical 
areas on the basis of their present outcroi)pings to the surface of the 
earth. Their thickness is determined by measuring them from bot- 
tom to top in a line vertical to the plane of their supposed original 
dejwsition, and they are said to be older or younger according to their 
order of succession. 

They are named on the basis of their local, prominent, or first- 
described geographical outcrops. These names are generally' geo- 
graphical terms. 

They are classified primarily on the basis of their observed order of 
succession, and secondarily on the basis of tlieir supposed equiva- 
lence in stratigraphical position with other formations whose order 
of succession has been established. Such terms as system, series, 
groups, stages, zones, and beds are thus applied to geological for- 
mations; station, section, geological column, outcrop, conformity and 
unconformity, province, region, and like terms also apply to geological 
formations. 

The terms correlation, contemporaneity, and equivalency apply to 
formations, and may be used on the basis of structural, litht)logieal, 
or stratigraphical evidence; but in general it is only on th(» basis of 
evidence furnished by the fossils within them that they become* widely 
applicable. 



nThe discrimination of time valuos in K«f>logy: Jour. Geol., Vol. IX, pp. 570-585. 
fcFoBsil faunas and their use in correlating geological formations: Am. Jour. S<d., 4th series, 
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The geologist is liable to regard fossils, in determination of cor- 
relation, as of the same order as minerals (viz, chondrodite) or pet- 
rographical charactiers (limestone, sandstone), and then to associate 
them with other diagnostic characters of the formations, bnt^ closer 
consideration of the facts will show that the quality of the fossil by 
which it becomes evidence of a particular point of geological time, and 
from which it derives its value in correlation, is biological, and is due 
to the fact that in biology incessant change is taking place. 

While a formation has a bottom and a top and thickness, which, to 
be sure, must have started and ended at particular points of time, 
those particular points of time can not be determined in the general 
history of the earth except upon evidence which changed with the 
passage of time. The validity of this statement will become apparent 
by attempting to ascertain the geological age of an igneous rock with- 
out noting its relation to some fossil-bearing rock. 

In dealing with formations, therefore, whenever fossils are brought 
in, a new body of evidence is introduced, and a number of terms not 
applicable to formations are required for the scientific discrimination 
of this evidence. 

FAUNAL AGGREGATES. 

Fossils when spoken of in aggregates are faunas or floras. Faunas 
are particularly spoken of in this paper, not to the exclusion of floras, 
but because in most respects the remarks which appl}'^ to the geolog- 
ical relations of faunas apply also to floras. The term fauna, however, 
will be used in its strict sense of an aggregate of animals. The first 
reason for making the distinction between formation and faunas is 
that the aggregation of the species which makes up a fauna is not 
determined by the formation. The generally accepted practice, which 
was formulated in Dewalque's report " for the committee on uniformity 
of nomenclature at the International Geological Congress at Berlin — 
by which the chronological divisions (era, period, epoch, and age) are 
adopted as names for the duration of time corresponding to the strati- 
graphical divisions called group, system, series, and stage — does not deal 
with faunas as such but only with the nomenclature and classification 
of geological formations. 

Professor Renevier took a step toward the recognition of fossil 
faunas, as distinct from formations, in his * ' Chronographe Geolo- 
gique,"* by distinguishing separate ^^facies^^of the same formation 
deposited at the same time with other facies. 

In 1884 Renevier defined '* facies" as follows: 

**ie.s facies sont done en definitive les differ entes sortes de forma- 
tions, sedimentaires ou autres, qui peuvent s^etre produites simultane- 
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meniy d un moment quelconque des tem,ps geologiques^ com/ms cela se 
passe encore au temps actud.^'*^ 

Renevier, although distinguishing between the dtiration of time of 
the formation and the means of recognizing that duration, viz, the 
different faunas which are found in the different kinds of deposits, 
still makes the time division synonymous with the duration of the 
work of producing the formation, not the duration of the living of 
the organisms whose remains are seen in the fossils. 

A fossil fauna may characterize a formation without having its 
limits (chronological) determined by the beginning or cessation of 
deposition of sediments making up the formation. In fact, a fauna 
which appears in full force at the base of a formation must have 
existed somewhere for a long geological period of time before the 
specimen of it (the faunule) which occupies the lower layers of the 
formation was buried, or else we are forced to assume that it was 
suddenly created on the spot. 

If this proposition be true, and I think no modern paleontologist 
will question it, the common methods of correlating the time equiva- 
lency of formations by the likeness of their fossil faunas is inaccurate 
at least by such a length of time as would be required for the estab- 
lishment of that coadaptation of the species which characterizes the 
fauna during its whole expression in the given formation. The 
change of faunas in successive formations which on other grounds 
may reasonably be supposed to represent continuous sedimentation, 
frequently is very abrupt and complete. It is only occasionally that 
a gradual transition of the species is actually recorded in the succes- 
sive beds of a continous rock section. And within the limits of a 
stratified formation, as generally recognized, the same species prevail, 
not always presenting the same relations of abundance throughout, 
but the same species, and each one with less amount of variation than 
is expressed by the representatives across the line by which the for- 
mations are distinguished. 

What takes place with the living organisms during the transition 
of one formation to another has not been thoroughly observed or dis- 
cussed. This failure of knowledge is certainly in some measure due 
to the practice of assuming that the time duration of the fauna is 
synonymous with the time duration of the formation which in some 
particular locality contains it. 

In order to differentiate the fauna from the formation, it is needful 
to observe the characters which pertain to faunas and not to formations. 

A fauna is an association of species which for some reasons natu- 
rally live together. It is described in terms of species, genera, orders, 
etc., and not by formations or localities in which it temporarily lived. 
A faunule is a local sample of the fauna. The fauna at a particular 

aLoc. cit., p. 528. 
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period of time may have a metropolis or center of distribution. The 
species of the fauna may migrate, and the whole fauna with its metrop- 
olis mSLy shift. The composition of the fauna may be described in 
terms of the species, to each one of which degrees of relative and 
actual abundance or rarity of individuals, and smallness or largeness 
of size of specimens, may be applied. 

The integrity of the fauna may be defined as the preservation of 
equilibrium of domiAance of some speciQ/s over others, and the life 
period of the fauna may be recognized by the corporate integrity of 
the fauna. Geographical distribution and geological range are terms 
applying to the species of a fauna. 

Adaptation to conditions of environment, plasticity, variability, 
permanency of characters, and evolutional mutation are qualities of 
species of the same or successive faunas, and may be detected by 
comparison of specimens from different geographical or geological 
positions. 

From such analyses of species and aggregates of species in corporate 
faunas maybe framed conceptions of their chronological relations; 
and thus evidence of time duration may be gathered in terms of geo- 
graphical area or thickness of strata occupied by the fossil remains of 
the once living races of organisms. An individual specimen of a spe- 
cies does not express an appreciable length of time duration, but only 
a point of time during the life period of the species. Species vary 
greatly in the lengths of their life periods. The life period of a large 
number of known fossil species is greater than the average duration 
of most of the named formational divisions of smaller size. 

The life period of genera is in many cases greater than the dura- 
tion represented by formational systems. Nevertheless, an approx- 
imation to those formational divisions which have been found con- 
venient in actual usage is presented by the life periods of species, 
genera, and orders of marine organisms, as has been shown by a ten- 
tative scheme of classification on a bionic basis,* already published. 
In the paper presenting this scheme it was pointed out that in the 
Paleozoic is recorded the total life period of trilobites and that such 
genera as OleneUus, Asaphus, Phacops^ have a life endurance at least 
of the same order of length as the grander subdivisions called systems 
or series in common usage. Again, it may be pointed out that the 
life history of such species as Spirifer radiatus, areiiosus, disjunct us, 
or cameratus is of the same order of magnitude as the geological 
divisions of the formation scale called Niagara, Oriskany, Chemung, 
and 'Coal Measures. In the paper just cited it was shown that these 
portions of time duration are the measure of an actual power of 
endurance expressed by the organisms themselves. 
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This power of endurance is undoubtedly an exceedingly complex 
fact, but it is recorded simply by the continued appearance of fossils 
with the same morphological chara(3ters. If the characters are of 
specific rank their endurance is of relatively short geological time-; if 
the characters are generic they are repeated for a longer period of time, 
etc. These endurance values of the characters of organisms were 
sx)oken of as bionic. The general term chron was proposed as a desig- 
nation for a division of geological time, and thus one is enabled to 
speak of geochron as the time duration expressed by formations, and 
biochron as the (Juration expressed hy the life history of organisms. 

A definite and independent value (i. e., independent of the forma- 
tion scale) was given to the chronological terms hemera, epoch, period, 
era, eon by using the bionic or endurance quality of organisms as 
the measure of them. Thus hemera was to be measured by the endur- 
ance of the bionic equilibrium of a local faunule; epoch, by the 
endurance of species; period, by the endurance of genera; era, by the 
endurance of families; eon, by the endurance of orders. 

One other set of terms applies peculiarly to faunas. Fossil faunas 
express evidence of a certain amount of migration or shifting of place 
of habitation during their life history. Barrande spoke of colonies. 
Recurrence of faunas has been described. In case a marine fauna 
shifts upon the sea bottom during differential movements of the crust 
of the earth two results are possible — either the bionic equilibrium 
of the fauna will be disturbed and thus the faunal composition will 
be modified, with more or less mutation of the species, or the faunal 
equilibrium will be retained and the fauna in its integrity will appear 
at a higher stratigraphical position in the region to which it migrates 
than in the region from which it has shifted. This will be expressed 
by a transgression of the fauna in relation to the formation. It may 
be expressed by a mingling of the species of two faunas; then, it is 
defined as transitional. It is possible to have such oscillation of 
orogenic movements that a region may be reoccupied by a fauna 
which has shifted out of it temporarily. In such cases there will 
appear in the stratigraphical section evidence of recurrence of faunas, 
and the "colonies" of Barrande may be thus explained, in so far as 
they are not explained by disturbance of the strata after sedimentation. 

As orogenic movements presumably cover long periods of time in 
one direction for a given area, the direction of the induced migrations 
of organisms would also be in one general direction, thus furnishing 
no occasion for recurrence of faunas. In such cases the order of the 
faunas would be correctlj^ expressed, though in two sections the time 
represented would differ at top and bottom. 

Mingling of faunas would also be expressed by the arrival of migrat- 
ing species into the midst of a native fauna before the shifting was 
general. 
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Such movements of faunas may be assumed to have been more fre- 
quent and more apparent in such x)ortions of the ocean bed as were 
near the shore, and thus where the sediments were in process of rapid 
accumulation and were expressed by varying classes of sediments. 
The Devonian formations of the upper portion of the Appalachian 
Basin were on this account particularly fitted to tell the story of shift- 
ing of faunas, and in the following pages evidence of the shifting, 
recurrence, and modification of faunas is reported, and it will 1h> 
shown that the movement or migration of a fauna may occur with 
only slight evolutional mutation of the species. 



CHAPTER II. 
THE GEOLiOGICAX EXPRES8IO]CSr OF FAUI^AIi MIGRATIONS. 

The association of specific difference in plants and animals with 
geographical distribution, involving difference in climate, altitude, 
and general difference in environment, lias been noticed by natural- 
ists for centuries. It was a problem of geographical distribution, 
more than anything else, which suggested to Darwin the accounting 
for difference in organisms by evolution through the agency of nat- 
ural selection. In a letter to Moritz Wagner, Darwin wrote, in 1876, 
"It was such cases as that of the Galapagos Archipelago which chiefly 
led me to study the origin of species."^ 

The geologist, however, for whom the record of change in fossils is 
more sharply apparent on passing vertically through successive strata, 
is accustomed to associate change with sequence of time, neglecting 
the part which migration and associated change of environmental 
conditions may play in the modification of the specific composition of 
fossil faunas. 

It is commonly known that great thicknesses of limestone, repre- 
senting immense periods of geological time, are dominated from bot- 
tom to top bx the same fauna ; while shales and sandstones, indicat- 
ing rapid accumulation of sediment and change in conditions of the 
sea bottom, present series of faunas in which not only species but 
genera differ. If the rate of evolution during the long periods of 
time represented by the limestone indicates the steadiness with which 
organisms reproduce their kind under uniform conditions of environ- 
ment, then either the changes of environment coincident with change 
of sediments must be the occasion of the modification of the organ- 
isms observed in the successive faunas of the second case, or else the 
faunas have shifted with the change, and the observed difference is 
due to migration of new species into the region whose conditions have 
changed, with only slight immediate change in the characte/* of the 
species. 

If we adopt the first assumption, viz, that the rapid changes of 
environment are coincident with rapid evolution, the irregularity in 
rate of evolution in different parts of the globe must have resulted 
in great diversity of organisms, and Huxley's view, that likeness of 
fossils in widely distant portions of the globe does not indicate time 
equivalency, must be accepted as substantial!}' correct. If, on the 
other hand, we adopt the second inference, viz, that coincident with 

a Life and Letters, Vol, II, p. 338, New York, D. Appleton & Co., 1898. 
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the rapid changes of environment faunas have shifted their habita- 
tion, the conclusion would be that there was a slight acceleration in 
evolution with the readjustment of the faunas, and that the shiftings, 
when of a general nature, would result in modifications of the faunas 
which would serve as means of a closer correlation of the time rela- 
tions of geological events, not only in one quarter, but quite around 
the globe. While the first of these inferences is not inconsistent with 
the second, the first does not furnish an explanation of the constant 
considerable change of genera as well as species seen on comparing 
the successive faunas of any continuous section if followed through 
several hundred feet of diverse sediments. In either case the observ- 
ing and the recording of the differences expressed b}'^ fossil faunas of 
the same horizon coincident with geographical distribution promise 
to throw some light on the problems of time measurement of organic 
evolution and to test the value of fossils as nieans of geological 
correlation. 

The possibility that a fauna may preserve its integrity by shifting 
its habitation with the slow changes of environmental conditions was 
suggested by Barrande's theory of colonies. He believed that a fauna 
characteristic of one epoch of time, by isolation, could be preserved 
in a restricted basin, while all the general faunas wei'e destroyed and 
replaced by others, and that later, in a second or third epoch, the 
representatives of the preserved '* colony" might migrate into the 
general seas and reappear (out of stratigraphical place) in the midst 
of the succeeding faunas. The theory as a whole did'not commend 
itself to general acceptance. But "recurrence of fossils," the fact at 
the basis of his theory, has been frequently recorded; and the theory 
that a fauna may be preserved in one region later than in another 
appears to have much evidence to support it. Barrande was, how- 
ever, not an evolutionist; uniformity and continuity of species was 
a part of his creed; hence he did not consider the positive aspect of 
the case, nor did he conceive change of environment to be a cause of 
modification; he saw only the negative side, viz, the association 
of uniformity of conditions with preservation of characters among 
the inhabitants. This conception of the unchanging character of the 
species still continues to influence general notions of correlation, 
although we are theoretically all evolutionists. 

Correlation by identity of species implies that the rocks contain* 
ing the same species of fossils were formed at the same period of time, 
and on this basis it is inferred that formations belong to the saiiie 
geological horizon so long as their species are found to be the same. 
While in a general waj'^ this is correct, since the evolution of forms 
goes on at a very slow rate, the converse is not true, viz, that unlike- 
ness of species is evidence of a different age for the formations hold- 
ing them. Sufficient facts are now gathered to prove that in each 
great province different faunas, adjusted to the different conditions of 
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environment in the province, have been living at the same time, as is 
clearly known to be the fact in the case of geographical distribution 
of living faunas at the present time on the face of the earth. 

The term fades has been applied to the peculiar combination of 
species of a fauna characteristic of particular, restricted conditions 
of environment. So that two sets of species, living simply under 
different conditions of enviroment, are said to express different facies 
of the fauna of the period in which they lived. In attempting to 
make correlations and classifications of stratigraphical formations, 
geologists have found difficulty in distinguishing between the differ- 
ent facies of the fauna of the same period and the successive muta- 
tions of the fauna consequent upon geological succession.*^ To put 
this in a word, difference in faunas may be du^e either to geographical 
distribution or to geological range. 

Geographical distribution furnishes the basis of classifying living 
faunas existing on the earth at the same time, and the facts con- 
cerning it are so well known that no one need hesitate to explain 
difference of living faunas by difference of geographical distribution. 
The principal fact in the case is that environments of different kinds 
are occupied by different species. This is a matter of fact, irrespec- 
tive of any theory as to how such relation of the faunas to their 
environment has come about. 

When, however, we are led to ask how the adjustments came about 
in geological time, we have to choose an answer from these two possi- 
bilities, viz, either (a) slowly progressing and relatively constant 
evolution has taken place among organisms constantly struggling 
together and varying, or (b) faunas become rapidly adjusted to new 
conditions, attaining a biological equilibrium, and tlien maintain 
that equilibrium with extremely slight variation for great periods of 
time, under like conditions, but quickly and rapidly suffer specific 
modification whenever the environment changes and the equilibrium 
is thus disturbed. Such a disturbance, it is assumed, has taken place 
whenever a sudden change occurs in the sequence of sediments from 
one formation to another with change of sediments and con*esponding 
change of fossils. 

Instead of assuming that the fossils were destroyed at such points 
and recreated in the following period, the theory here proposed is 
that the faunas have shifted over the ocean bottom. The uppermost 
of two successive faunules in a single continuous section is presumed 
to have lived synchronously with the underlying faunule, but in a 
separate region ; and at the point where the f aunal change occurred the 
second fauna migrated into the region, expelling and replacing the fii'st. 
Such cases are not universal, but it is assumed that the shifting of 
faunas is more or less common. In other words, the elevation or 
depression of continents in relation to ocean level, which involves 
the shifting of the position of deep or shallow or sVvoy^ ^^^xv^a^assvss.. 
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does not necessarily involve the institution of a new combination of 
conditions, but rather causes a transfer from place to place of exist- 
ing conditions of environment. Such movement of the earth's sur- 
face, resulting in the gtographical changing of the conditions of 
environment for each particular spot on the surface, would necessitate 
the movement of the faunas living under particular conditions or else 
their destruction. Thej'^ must either shift their place of habitation 
as the conditions favorable to their existence are changed, or, if they 
attempt to stay on the same spot, they must adjust themselves to new 
conditions of environment. This principle of migration necessarily 
involves a change in the geographical distribution of the living faunas; 
that the species should be modified as such migration takes place is 
a natural conclusion to be drawn f rom^the facts. 

The other kind of change which organisms undergo during the lapse 
of geological time may occur without any disturbance of the physical 
conditions of the province in which they live, and is coincident with 
the passage of time alone. The ordinary theory of evolution contem- 
plates a modification of species under such conditions, a gradual 
variation of form coincident with the continuance of the species 
under like conditions during their "struggle for existence." The 
modification they suffer is then due to "natural selection " and the 
"survival of the fittest." I say this is the prevalent hypothesis to 
account for the modification of species by evolution. It is altogether 
probable that both these methods of modification have been effective 
to a greater or less extent in producing the total results which go 
under the name of evolution of species. 

But the paleontologist, as he studies the succession of species, will 
have his attention more closely called to the modifications which are 
coordinate with the geological movements of the surface and are 
expressed in changes of local conditions within the whole province in 
which the organisms live. This modification by forced migration has 
to do with the breaking up and reinstituting of biological equilibrium 
of the faunas, and in less measure and with less effect with the prin- 
ciple of struggle for existence among common competitors. 

In order to discuss the subject of the migration of species and the 
effects of forced migration upon faunas, it is necessary to discriminate 
two distinct sets of facts as under discussion at the same time. In. 
the first place, there are the geological formations in which the fos- 
sils are preserved, which are made of fragmental particles of sand or 
mud or limestone, massed together into sheets called strata, piled 
one upon another, forming geological columns. These are the forma- 
tions of the geological "time scale." These are local, from the fact 
that the materials of which they are composed are sediments which 
have been deposited under water and have necessarily been brought 
from some contiguous lands to the place of their deposit. Geological 
formations are thus, from the nature of things, local deposits, having 
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local origin, their materials having been brought together and formed 
under conditions which were more or less local in extent. In dealing 
with the classification of such formations the question of their 
sequence, their thickness, and the composition of their materials 
must first be taken into account. In correlating two formations of 
this kind the first question is as to their geographical continuity. If 
we find that a stratum of limestone occupies a similar place in the 
sections of two regions separated by 50 miles of distance, and the 
sequence for both regions is the same, it is safe to assume that we 
are dealing with the same part of the earth's crust. The second 
question, as to whether the two parts of the earth's crust thus corre- 
lated were formed at exactly the same time, does not interfere with 
the conclusion that the formations are the same and may be classified 
as equivalent. In other words, it is possible (and there are examples 
which show that it is a fact) that the conditions at one particular geo- 
graphical spot have been repeated in the same order at a distance 
removed from that spot, although each episode of the second region 
occurred later in time than its corresponding episode of the first 
region. Such phenomena are generally explained by the supposition 
of the rising of the shores or the sinking of the same in relation to 
sea level, with "transgression of the sea." 

The second set of facts is described by the term faunas. The faunas 
are biological quantities, the term fauna meaning the aggregate of 
organisms living together in a region at a particular i)eriod of time.* 
Such a fauna lived during the formation of the sediments of a particu- 
lar formation, and on account of this fact is said to characterize that 
formation. 

It does not necessarily follow, however, that another formation, far 
removed geographically from the first, which contains approximately 
the same species, is, on that account, the same formation ; but in order 
even to understand what such a proposition means it is necessary to 
differentiate the fauna from the formation and to conceive of the two 
as different entities and as not either intimately or necessarily com- 
bined. The discovery that the limestones of two separate regions were 
not formed during exactly the same interval of time would not be 
sufficient to prove them to be different formations, for the deposition 
of the sediments making up a particular formation may have con- 
tinued at one point after it had ceased and was replaced by the depo- 
sition of sediment constituting another formation in a separate region, 
or deposition may have begun earlier at one spot than at another. 
Such a state of facts follows necessarily from the principle of regard- 
ing a formation as a unit mass of rock instead of a unit division of 
time. 

On the principle of migration of faunas it is quite possible that two 
distinct faunules living contemporaneously in two adjacent districts 
of one basin might be arranged consecutively in a third (also adiace\!Lt.\ 
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district. In such a case the foraiation holding the two faunas would 
be identified, b}'^ their fossils, as belonging to two separate epochs; 
and the stratigrapher would take the third example as proof positive 
that the one fauna followed the other and therefore that the two epochs 
were successive and not contemporaneous. 

An example of such a case is discussed in detail beyond. The Che- 
mung formation is known to follow (to lie above) the Hamilton for- 
mation in western New York by the fact that normal faunas of the 
former are some thousand feet higher up in the section. But that the 
faunas are actually contemporaneous in a part of their existence is 
shown by the recurrence of a faunule of Hamilton species at Owego, 
N. Y., in thie midst of strata containing below as well as above char- 
acteristic Chemung fossils. 

These two sets of facts — the formations and the faunas — must there- 
fore be dealt with separately. While the presence of the fossils of a 
particular fauna does stand for something in a column of sedimentary 
rocks, it does not stand for the whole of any particular period or inter- 
val of time. It represents some portion of the life period of the fauna, 
but the limits observed in a local column between one fauna and a 
succeeding one may not be the horizons of the beginning or of the 
close of the life history of the fauna; they may be the limits of the 
formation for that section. 

There seems to be necessit}^ of considering also a third element, 
which Mr. Bailey Willis has recently emphasized. I refer to the time 
element of geological classification. Formations are lithological and 
physical. Faunas are biological and must be treated of as living. 
Time divisions are conceptions, and their use depends upon the 
accuracy and reliability with which thej^ may be represented by 
visible formations or faunas. 

The primary basis of distinguishing the time relation of formations 
is stratigraphical sequence. But the formation itself is a lithological 
aggregate, and the lithological characters by which one formation is 
distinguished from another have no regular order of stratigraphical 
sequence, hence stratigraphical sequence has no positive time value; 
it is only the element of sequence of time which is recorded by the 
observed facts. 

When faunas are considered separately from formations, in this 
way, we are ready to notice that faunas maj^ have shifted geograpfti- 
ically, and may thus cause confusion in the classification and correla- 
tion of the formations of contiguous basins. When we consider the 
confusion which has already arisen in the classification of the geology 
of the various counties of Pennsylvania, which is probably to be 
accounted for in this way, the necessity for more light on the subject 
is apparent. The consideration of a possible shifting of faunas may 
therefore be necessary to the proper interpretation of facts which 
otherwise greatly confuse the geologist. Classification based upon 
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succession of formations often differs from classification based upon 
the succession of species, and the paleontologist is often found 
practically differing from the stratigrapher in his interpretation of 
the correlation of the rocks in any particular region. 

Although the matter of shifting of faunas has been, in a general 
way, involved in what is called geographical distribution, I am not 
aware that, in this country, it was deliberately announced as a fact 
until about 1883 or 1884, when such announcement became neces- 
sary in order to explain certain facts in the geology of New York 
State which I then had under investigation. The most conspicuous 
case which came under my notice was reported in Bulletin 41 of the 
United States Geological Survey, On the Fossil Faunas of the Upper 
Devonian — the Genesee Section, New York. The investigations 
which led to the publishing of that report were carried on for the 
direct purpose of ascertaining what kind of modification actually 
occurred in the same formation when it was minutely and compara- 
tively studied for a few hundred miles across the field of its distri- 
bution. The Upper Devonian was taken because of its possession 
of several successive faunas, the lack of disturbance of the strata, 
and the wide region over which its outcrops could be studied with- 
out any doubt as to their stratigraphical correlations. The investi- 
gation showed unmistakably that the constituent faunas which make 
up the sequence of any particular section had shifted back and forth 
* over the region. It was ascertained, for instance, that the place of 
the fauna belonging to the Ithaca group corresponded stratigraph- 
ically to the lower part of the Portage formation of the western part 
of the State; whereas to the east the Hamilton faunas crept up with 
some of their species into the same stratigraphical zone ; while still 
farther east the same horizon, geologically speaking, was filled by 
sediments of the Oneonta group, which seem to be equivalent, in every 
respect but position, to portions of the typical Catskill formation. 
Again, in 1807 a study of the faunas of the southern Appalachian 
province, in the southernmost point of Virginia, brought to light the 
fact that actual traces of the Carboniferous fauna were found in a 
position in the sequence which, a little to the north, was found to be 
dominated by Chemung species." Such facts can be explained at 
present only by supposing that there was a shifting of the faunas 
geographical 1}'^ within the common basin in which they lived. 

The theory of the migration of faunas, then, assumes to be true the 
proposition that two faunas, one of which generally succeeds the 
other, may be actually contemporaneous in their life periods, at least 
during the end of one and the beginning of the other. By the theory 
of shifting of species and migration of faunas it is easy to understand 
liow a fauna which immediately succeeds any other particular fauna 
of a given region (if the faunas be actually different, or if one be 



a See On the Southern Devonian formations; Am. Jour. Sci., 4th series. Vol. Ill, 1897^ viv-'^^S^^-^i^^^ 
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stronji^ly contrasted with the other) has come from outside the par- 
ticular region in whieh it is intnMlue^Ml and is not the immediate 
evolutional successor of the underlying fauna. 

The supposition that two faunas will evolve separately if placed in 
two different rej^ions implies simply the fact that no two actually 
distinct regions can ])e suppose<l to have exactly the same conditions 
of environment or the same actual set of sj^eeies. Such conditions 
are frequently observed, as on two sides of an ocean, or, again, along 
the same coast, where we may find northern and southern faunas. 
When we cross from one <N*ean to another, under similar climates, it 
is familiarly observed that the composition of faunas living under 
similar physical conditions is different. Supposing, in this way, that 
we have a set of similar ccmditions in diffenMit parts of a basin which 
are sei)arated one from anoth(»r by barriers sufficient to prevent easy 
intercourse betwx*en the two parts, although not necessiirily prohibit- 
ing migration, here we have all the conditicms for the development of 
special faunas. With the breaking up of the geological conditions of 
such a general basin — as, for inst.ance, by tlie rising of the bottom in 
relation to the surface of the ocean, or by the sinking of another jMirt 
of the basin so as to bring deei)er an<l i)ur(»r watei's w^here hpd been 
prevailing the accumulation of shore s(*dimeiit — we may suppose the 
conditions of environment so complet(»ly <*hanged for a particular 
' part as to force the organisms to shift their position. In shifting, 
those which are able to shift and migrate would migrate, whereas 
those which are less capable of migration must necessarily be cut off, 
or at least be removed from the migrating fauna to such an extent as 
to change the eciuilibrium of the species. Coincident with such move* 
ment of the fauna due to geological changes in the province, it is 
assumed that the <* volution of the species finding favorable conditions 
for life w^ould be more rapid than it was during their existence in the 
conditions from which they came, the biological equilibrium of which 
had for a long period of time been approximately fixed and rigid. 

Migration (is a stirnidu.s to vnriaiion. — It is inferred from what has 
been already said that the more rapid changes in the contents of a 
geological fauna have been caused, or certainly stimulated, by the 
forced geographical change of place of residence of the fauna itself. 
This may be formulated under the term wodificaikm hy migration. 
When it is attempted to explain how such effects are produced it 
becomes evident that the principle of variation must be conceived of 
as affecting the species of the fauna more intensely wiien the environ- 
mental conditions are forcibly modified tlian during the periods, how- 
ever long, in which the biological equilibrium of the fauna maintains 
its integrity. Throughout the whole geological column there are 
illustrations of this fact which will occur to paleontologists. It is a 
common observation that so long as that integrity of the fauna suffi- 
cient to lead to regarding the stage as the same continues throu^srh a 
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series of sediments, the individual species suffer but slight change, 
and this has been observed through hundreds of feet of limestones, 
running up into the thousands, and "not confined to only a single case. 
The interpretation of this fact is that so long as the equilibrium of the 
species composing a fauna is preserved they may continue to reproduce 
and live on without any considerable modification of their specific 
characteristics. Interpreting this into the principles of evolution, it 
means that natural selection having attained a relative equilibrium, 
evolution will stand still, in so far as the modification of organisms is 
concerned, for great periods of time. On the theory of modification 
by migration it is assumed that this equilibrium is an equilibrium of 
active forces residing in the organism, which are held in the state of 
equilibrium by the combination of circumstances going under' the 
name of ''natural selection." There is also implied, however, the idea 
that the species are in a plastic state, ready for modification, and that 
those which survive vigorously are in a more plastic state than those 
which succumb and are lost in the fight. 

That species vary so soon as they are subjected to new conditions 
of environment implies that the variation is an expression of special 
vigor in the organism and not a sign of weakness — that variation is 
the expression of vitality (if we may use that term in a general sense) 
and is not a consequence of competition among the individuals them- 
selves. Darwin has spoken of such variation as "spontaneous varia- 
tion;" that is, variation which is not accounted for on the principle 
of natural selection, but which is presumed to be present before natu- 
ral selection is capable of acting upon the morphological characters 
of the organisms. 

This interpretation also explains another fact which paleontologists 
have frequently observed — the fact that succession of faunas of the 
same general facies is rarely traceable to gradual modification of a 
subjacent fauna. In such a case the metropolis, or center of distri- 
bution, of the new fauna is generally (and it may be universally) 
found in a different geographical area from that of the old fauna 
which it replaces. 



CHAPTER III. 

FAUNAIi DISSECTION OF MIDDIiE AND UPPER DEVONIAN 

OP THE NEW YORK PROVINCE. 

The collecting of statistics to illustrate the laws of faunal history 
has been carried to a higher degree of perfection for the Devonian 
faunas than for any other fossil faunas of North America. 

This is partly because a great amount of information regarding the 
individual species of the faunas had been acquired before these par- 
ticular investigations were begun, and paftly because for a number 
of years definite attention has been given to gathering and recording 
the exact statistics needed for the purpose of solving practical diflfi- 
culties in this particular field of correlation. 

The method of investigation which has brought out these facts is 
formally stated in Bulletin 41 of the U. S. Geological Survey, under 
the head of '* Geographic and chronologic relations of the faunas," 
as follows: 

It is necessary to recognize the effect of geographical conditions nt)on faunas as 
well as the changes incident to chronological sequence if we would interpret the 
confusion existing in the Devono-Carboniferous deposits of the eastern jwrtion of 
our continent. But the assigning of the Marshall fauna to the period of the Cats- 
Mil group does not settle it. Neither does the expansion of the Chemung forma- 
tion to receive the Waverly fauna nor the pulling down of the Carboniferous 
system to cover the Portage formation relieve us from the main perplexities. 

It is only by disentangling these faunas and ascertaining the true geographical 
and chronological relations which they bear to one another that the difficulty is 
to be met. This is to be attained, not by clinging to any sharp limits of a strati- 
graphical or a lithological nature, or to any absolute division between one forma- 
tion and the following, but each fauna must be traced upward and downward aad 
its modifications noted until it is replaced by another, and whatever on the way is 
interpolated or is added to it must be traced to its origin or to its center of occur- 
rence. By this method a scale marking the chronological sequence in the life his- 
tory of the organisms and faunas may be prepared which may serve as a definite 
standard for determining the relative age of formations quite independent of the 
lithological characters of the sediments which were being continuously thrown 
down, these being in main part determined by local conditions of the disintegrat- 
ing shores and distance away from them. By themselves the rocks, as rocks, 
present no features which may serve as indications of the particular stage in 
geological time at which they were deposited. « 

Previous work in correlation had been conducted on the funda- 
mental assumption that identity of fossils is sufficient evidence of 



a On the fossil faunas of the Upper Devonian— the Oenesee section. New York, by Henry 8. 
Williams: Bull. U. S. Qeol. Survey No. 41, 1887, p. 21. 
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identity of the formations containing them. In other words, it had 
been assumed that for purposes of classification in the time scale the 
formation and the fauna are identical. The way in which fossils 
have been customarily labeled has prevented a testing of the truth of 
this assumption. If there be any distinction in time value between 
the formation and its fauna, it is difficult to demonstrate it so long as 
the only name and designation of the fauna is that of the formation 
in which it was originally found. 

If the ' ' Chemung formation " be extended below the f ossilif erous 
strata of Ithaca, as it was in the literature before 1880, then the 
fossils in the "Ithaca group" belong to the Chemung fauna. When 
the Ithaca fauna was dissected and it was shown that the species 
were not those of the Chemung fauna above, but were rather modified 
successors of the Hamilton fauna,® it became clear that, faunally, the 
Ithaca group was not a part of the Chemung formation. Neverthe- 
less, the term "Chemung" was still retained in general literature for 
the "period" which included both the "Ithaca" and "Chemung" 
epochs, so that the real issue was still obscured by the imperfection 
of the nomenclature which used " Chemung" with two meanings.* 

The terms "Portage," "Hamilton," "Trenton," and "Niagara "are 
also applied in this double sense in the classification of formations, 
making it almost impossible to frame a statement which will express 
the thought that formations and faunas are discriminated upon dif- 
ferent bases and that their limit-ations may not be identical. 

In order to demonstrate the actual facts m the case, it has been 
found necessary to collect a large number of statistics regarding the 
actual faunal contents of each zone in some well-known formation, 
and also regarding the separate faunules taken from outcrops of the 
same formation over an extended area. 

This work of dissecting and analyzing the faunas of the Devonian, 
begun in 1881, has been carried on continuously since that time. 
Students in the laboratory, at both Cornell and Yale, have been trained 
to discriminate, collect, and analyze. the faunules, and to observe 
accurately the range and distribution of every fossil coming to their 
notice. Others outside have adopted the method, and, thanks to the 
painstaking and energetic labors of many workers, it is now possible 
to demonstrate from the statistics already gathered at least the dis- 
tinction between a lithological formation and a fossil fauna. 

It is now possible to state that the Tropidoleptus fauna of the Ham- 
ilton formation persists in its integrity above the top of the Hamilton 
formation; that in eastern New York it occupies a jjlace in the 
column which is occupied in central New York by the Ithaca forma- 
tion and in the Genesee Valley by a portion of the Portage formation. 

a On the fossil faunas of the Upper Devonian along the meridian of 76° SIK, from Tompkins 
County, N. Y., to Bradford County, Pa., by Henry S. Williams: Bull. U. S. Qeol. Survey No. 3, 1884. 
bSee Manual of Oeology, by James D. Dana, 4th edition, 1894, p. 603. 
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This state of things has been already partially demonstrated in 
respect to the position of the Catskill formation in the geological 
column.^ But the significance of the facts was obscured in that case 
by the fact that the Catskill as a pure formation is distinguished by 
its red sedimentation, which, therefore, was easily discerned in the 
field by the stratigraphical geologist; but the fossil evidence of the 
Chemung, though constantly annoying him, had not in his mind the 
distinct stratigraphical significance which he attached to the color 
ingredient in the Catskill. The evidence of the Catskill was clear, 
and if the fossils told another story, so much the worse for the fossils. 
This was his attitude. 

In the present case the faunas are of the same kind, made up of 
marine invertebrat/C fossils. They ai*e distinctly marine in all cases, 
and the demonstration may be expressed in mathematical values. 
The statistics are sufficient and are gathered from a field that is wide 
enough to make possible the comparison of the faunules in terms of 
composition, frequency, and abundance. The variation of species, 
though not yet demonstrated by the statistics, is strongly indicated 
by the increasing uncertainty in identification of the species in one 
direction, while the species are always positively identified in the 
central region. Great promises of future discoveries in this direction 
are offered by the facts, and in the future we may expect to see the 
laws of variation associated with transgression of the faunas clearly 
demonstrated. 

Enough evidence is already in sight to show that at any particular 
point of time, as represented by a common geological horizon or zone 
in a given formation, the inhabitants of one sea differed in species 
within a relatively small distance (50 miles); and within 200 miles 
the faunas may be entirely different, having not a single species in 
common. 

The facts also give clear evidence of the shifting of the fauna with 
the accumulation of the sediments, so that the center of distribution 
of each fauna changes as we ascend in the formation. The evidence 
points to this shifting of the total fauna as the occasion of rapid modi- 
ficaiion and variation of the species, and the inference is drawn that 
great changes of conditions were coincident with great shiftings of 
the fauna. During the prevalence of a fauna in a common center of 
distribution, very little evolution took place for long periods of time, 
as measured by thickness of sediments, but slight shifting in the 
geographical position of the fauna is coincident with the appearance 
of new varieties and, in general, with disturbance of the faunal equi- 
librium. 

The work of dissecting the contents of a fauna into its constituent 
faunules, and then of the analysis of these faunules into their specific 
composition, was begun at Ithaca, in the midst of the abundant 



«Dual nomenclature in geological classification: Jour. GeoL, Vol. II, 1894, pp. 145-160. 
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Devonian fossils of the formations outcropping in that region. The 
first attempts to define the separate faunules and to apply names to 
them were imperfect on account of the absence then of any knowledge 
as to the range, distribution, and relative abundance or rarity of the 
component species. These statistics were gathered as the investiga- 
tions progressed. Although those first attempts at classification on 
the new basis are now superseded by classification based on the full 
appreciation of the laws of shifting of faunas, the record of the steps 
by which the progress has been made will indicate how from the study 
of conspicuous local phenomena broad general laws have been devel- 
oped. 

INTRODUCTION OF A FAUNAL CLASSIFICATION OF THE 

DEVONIAN SYSTEM. 

Bulletin No. 3 of the XJ. S. Geological Survey, On the Fossil Faunas 
of the Upper Devonian along the Meridian of 76° 30', etc. (Cayuga 
Lake meridian), was issued in 1884. In it is given an analysis of the 
faunas of the section, from the Genesee shale near the head of the 
lake to the Barclay coal in Bradford County, Pa. 

The classification of the formations was based upon the changes 
exhibited in the faunas, and the following faunas were recognized, in 
ascending order, viz: 

1. Genesee slate fauna. 

2. Portage group; 1,300 feet, including the Ithaca fauna and several faunules. 

3. Chemung; 1,200 feet, with separate faunules. 

4. Catskill rocks. 

The Portage included the lower beds with the Cardiola fauna, and 
the upper part was observed to be nearly or wholly barren. Second- 
ary faunas of the Portage group were recognized and named as follows: 

1. Cladochonus fauna (No. 48, sec. 1113, p. 11). 

2. Spirifer laevis fauna (sec. 1101, p, 12). 

(Both of these were traced eiastward as to origin.) 

3. Lingula fauna (Ithaca shale, No. 6, sec. 1106, p. 14). 

4. Hamilton recurrent fauna (No. 14 N, sec. 1102 N, p. 15). 

5. Cryptonella fauna (sec. 1105, p. 17). 

6. Ithaca fauna proper, Spirifer mesicostalis zone (1102 B, 1107, p. 18 and p. 20). 

(This was traced to the eastward.) 
6a. Recurrent Portage (Cardiola si)eciosa fauna; 1168, p. 20). 

7. Discina fauna, a recurrent Genesee shale fauna (mentioned on pp. 20 and 30). 

(This was traced westward for its origin.) 

8. Spirifer laevis recurrent fauna (pp. 20 and 30). 

9. Lingula fauna (1162 A and B). 

10. Orthis tioga; typical Chemung fauna (1172 D, 1165-67, p. 23). 

11. Heliophyllum halli zone (coral zone; 1167 E,H, p. 24). 

12. Catskill. 

The investigation was described as the first of a series of articles 
on the comparative paleontology of the Devonian and Carboniferous 
faunas. The manuscript of the bulletin was pre\>^Y^^ *ejw^ ^<^xvV V<5» 



46 OOREELATION OF GEOLOGICAL FAUNAS. [BULuaa 

the Survey in 1883, before the field work of that year was begun. 
The field work of 1883 and 1884 was planned as a continuation of this 
earlier work in and south of Ithaca which had been conducted pri- 
vately as a part of the work of a professor of Cornell University, and 
it was carried on under the auspices of the U. S. Geological Survey 
in the Genesee Valley. The report on this work was published as 
Bulletin 41 of the U. S. Geological Survey, the manuscript of which 
had been sent in on August 2, 1886. A preliminary report of the 
results of the summer's work along the Genesee Valley was prepared 
at some length and sent to the Director. This paper was received by 
the Director July 27, 1884, and is numbered 1398 of correspondence 
of 1884. An abstract of it is published in Science, Vol. II, pp. 836, 
837, dated December 28, 1883. 

At first the report was intended for publication in the annual report 
of the Director, but was returned for enlargement into a bulletin and 
formed a basis of the report finally published as Bulletin No. 41. The 
paper sent to the Director in 1884 contained a classification df the 
successive faunas observed on passing across the State from Wyoming 
County, N. Y., the examination extending as far as the southern part 
of McKean County, Pa. 

Bulletin No. 41, on the Genesee section, was published in the year 
1887. It was written after two more years of field work had carried 
the studies westward, as well as eastward, from the initial section at 
Cayuga Lake. In 1884 the sections from Chautauqua County, N. Y., 
to Cleveland, Ohio, were investigated, and in the following summer 
(1885) sections across the corresponding part of the formations were 
run from Chenango County to Delaware and Otsego counties. 

In the report as published in Bulletin No. 41 the faunal zones 
recognized were as follows: 

1. Lingula fanna (sec. 468, p. 31). Genesee formation. 

2. Cardiola fauna (sec. 472). Portage formation. 

3. Early Leiorhynchus fauna (sec. 476 G). Green shale of Chemung. 

4. Spirifer mesicostalis fauna (sec. 476, p. 58). Rushford shale. 

5. Streptorhynchus and Spirifer disjunctus fauna proper (sec. 477, p. 65) . Cnba 
sandstone. 

6. Lingula fauna (second; sec. 477 A 2, p. 64). 

7. Lamellibranch fauna (sec. 477 A 3, p. 64). 

8. Athyris angelica fauna (sec. 477 H, p. 67). 

9. Flat-pebble conglomerate; Palaeanatina typa (sec. 486). 

10. Ferruginous sandstones; Rhynchonella allegania (sec. 484, p. 87). 

Two important subfaunas, local in extent, were also recognized, 
viz, the Centronella Julia fauna of Rushford, in the midst of the zone 
covered by the Spirifer disjunctus fauna, and the Orthis leonensis 
zone south of Cuba (p. 34). On the same page it was stated that the 
several faunas do not indicate particular geological horizons, but x>ar- 
ticular conditions of environment or habitat, which, locally, had defi- 
nite place in the column. Each of the faunas was dissected as it 
occurred in ita own section of the formations (p. 38). 
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In 188C, in a paper On the Classification of the Upper Devonian,* 
this classification of the faunas was further elaborated in a report of 
investigations based on the examination of ten sections across the 
same formation, made at intervals of about 50 miles, and reaching 
from Newberry's typical Cuyahoga section at Cleveland, Ohio, to 
the Unadilla section of Otsego and Delaware counties, N. Y. In 
the list there given the different faunas were spoken of SbS faunas, 
distinguished by the general content of species, and stages was the 
name applied to the faunules into which the dominant fauna was 
divided. On this basis the following successive faunas were recog- 
nized : 

A. Hamilton fauna and its direct successors. 

B. Black shale fauna. 

C. Portage fauna. 

D. Chemung fauna. 

E. Flat i)ehble conglomerate fauna. 

F. Catskill fauna and flora. 

G. Waverly fauna. 

H. Glean conglomerate fauna and flora. 
J. Barclay coal fauna. 

In the life range of each of these faunas temporary stages were 
noted. These temporary and local expressions of the fauna are 
called faumdes in the present paper. Although they do express halt- 
ing places or stages in the evolution of the fauna, they are not full, 
but rather partial, expressions of the general fauna, reflecting par- 
ticularly the influence of local conditions of environment; and, as 
the statistics show, rarely holding any peculiar species, but holding 
the common species of the fauna in particular proportions of rarity 
and abundance of individuals. The name applied to each is derived 
from some particularly abundant species. Thus, in the series of local 
t/cmporary faunules of the Hamilton fauna, eight stages wei'e recog- 
nized, as flrst reported in 1886, as follows: 

A 1. Paracyclas lirata stage or faunule. 

A 2. Spirifera laevis stage or faunule. 

A 3. Stropheodonta mucronata stage or faunule. 

A 4. Atryx)a reticularis stage or faunule. i 

A 5. Leiorhynchus globuliforme stage or faunule. 

A 6. Tropidoleptus carinatus stage or faunule. 

A 7. Spirifer mesistrialis stage or faunule. 

A 6+. Second recurrence of Tropidoleptus stage or faunule. 

In the same way the Black shale fauna (B) was expressed in the 
following five local temporary faunules, successive to each other in 
time: 

B. Lingula spatulata stage or faunule; Genesee shale. 
B 1. Second Lingula spatulata stage; Portage shale. 
B 2. Lingula complanata stage; ** Ithaca group.". 
B 3. Lingula spatulata, third stage; Cleveland shale. 
B 4. Lingula complanata, second stage; Chemung shale. 



«Proc. Am. Assoc. Adv. Sci., Vo\. XXX.IV,pv.2a2r-%\, 



48 CORRELATION OF GEOLOGICAL FAUNAS. [bull. 210. 

The Portage fauna (C) was analyzed into the following faunules: 

C 1. Cephalopod stage or faanale, Gtoniatites and large CardiadaB. 
O 2. Lamellibranch stage, Cardiola 8x>eciosa. 
C 3. Portage sandstone, a generally barren zone. 

The Chemung fauna (D), or Spirifer disjunctus fauna, was analyzed 
into ; 

D 1. Orthis tioga stage or faunnle. 

D 2. Stropheodonta (Cayuta) mucronata stage. 

D 3. Athyris angelica stage. 

D 4. Rhynchonella contracta stage. 

D 5. Spirifer altus fauna. 

The flat-pebble conglomerate (E), as illustrated by the Wolf Creek 
conglomerate (sec. 483 C, p. 86), contains: 

E. Palaeanatina typa fauna. 

The Cat skill (F) was recognized in the Oneonta sandstone (F 1) 
and the typical Catskill (F 2); but except by the presence of Holopiy- 
chins and other fish remains, characteristic plants, and the Amnigenia 
catskillensis^ the fauna and flora were not then exactly defined. 

The Waverly (G), with Syringothyrifi, is a still later fauna in which 
three faunules were observed : 

G 1. Bedford shale stage or faunule. 

G 2. Berea grit and sandstone. 

G 3. Cuyahoga shale and sandstone. 

No attempt was made in 1880 to elaborate these higher faunules of 
the Waverly, as the statistics were at that time too imperfect for 
drawing conclusions. 

REVISED CLASSIFICATION OF FAUNAS. 

Revising this classification now in the light of the fuller exhibition 
of the facts, some of the distinctions made in 1885 are believed to be 
too refined and local for perpetuation in a general classification, but 
a few of the points then made may be adopted for general use in dis- 
cussing the faunas of the whole continent and in comparison with 
the faunas of the world. 

The fauna of the typical Hamilton formation (A) may be appropri- 
ately called the Tropidoleptits carinatus fauna. That species is more 
characteristic of the fauna as it appears in its purity in the eastern 
New York province than is Spirifer- (jnucronatus) pennatxis Atwater. 

The second fauna of the Black shales (B) may be appropriately 
called the Lingula spatulata fauna, as that species is characteristic of 
it far and wide when in its purity, is rarely entirely absent, and may 
be found, if diligently searched for, in a typical black Devonian shale 
almost anywhere in the interior continental basin. 

The third fauna of the Portage shales (C) may be called the Car- 
diola speciosa fauna. Although, as Hall has shown, this is not a 
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Cardiola, as strictly interpreted, and the name Glyptocardia was pro- 
posed as anew generic name in 1885^ to take its place, the fact that 
in Europe as well as in this country this generic name has been 
applied to this species and its European representative makes it not 
inappropriate as a name for the fauna. As Hall observed in discuss- 
ing this species {Glyptocardia {Cardiola) speciosa Hall):^ 

It is probably identical with the Cardiola retrostriata (von Buch) of various 
authors, and with Cardium palmatum of Goldfuss. Its citation by numerous 
authors shows its wide distribution in Europe. 

The fourth fauna of the list (D) — that of the Chemung formation 
of the east — is the Spirifer disjunctus fauna. The species Spirifer 
disjunctus is undoubtedly identical, specifically, with the form which 
is more commonly called Spirifer verneuili by European geologists. 
There are several varieties of it w^hich are present in some regions 
in which the typical form Sp. disjunctus is wanting. 

These four faunas may now be named and distinguished. In the 
discussions that follow, the relation to these of other faunas, which 
may eventually be classified as distinct, will also be considered. 

THE STATISTICS AND THE PLAN OF DISCUSSION. 

After the publication of the classification set forth in the paper of 
1886^ a large number of investigations were undertaken, not only in 
New York, but in other parts of the country, which throw new light 
upon the questions then raised. But nowhere have the statistics been 
so well gathered as in New York State. Particularly valuable have 
been the researches of Prof. C. S. Prosser. Other contributions have 
been made by N. H. Darton, J. M. Clarke, S. G. Williams, G. D. 
Harris, C. E. Beecher, J. J. Stevenson, E. M. Kindle, Stuart Weller, 
A. W. Grabau, and H. F. Cleland. Many others have taken part, 
in accumulating the statistics, dissecting the faunas into f aunules, 
and analyzing the faunules, more or less perfectly, into their specific 
values, as expressed by abundance or raritj^and in terms of frequency 
of appearance in successive stratigraphical zones or at distributed geo- 
graphical stations. The particular part of the geological column about 
which the fuller statistics are gathered is also that part of it which 
was selected in 1881 for special investigation — i. e., the middle and 
upper formations of the Devonian system. 

In order to illustrate the method, and to demonstrate the few gener- 
alizations which at the present state of the investigation are fairly 
well established, these statistics of the Devonian will be digested and 
interpreted in the following ways, viz : 

The order of discussion will be : First, a presentation of the facts 
regarding the faunas; second, the dominant and characteristic spe- 

a Palaeontology New York, Vol. V, Pt. I, Lamellibranchiata, II, text, p. xxxv. 

ftlbid., pp. 426-427. 

t' Classification of Upper Devonian: Proc. Am. Assoc. Adv. Sci., Vol. XXXIV. 

Bull. 210—03 4 
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cies of each fauna as determined by study of the statistics; third, 
the general laws regarding the history of faunas and their use in 
interpreting the correlation of formations and the structure and devel- 
opment of the continent. 
The faunas specifically examined are : 

1. Fauna of the Hamilton formation, which may be called the 
Tropidoleptus carinaius fauna. 

2. Fauna of the Ithaca formation, which may be called the Pro- 
ducteUa speciosa fauna. 

3. Fauna of the Chemung formation, designated the Spirifer dis- 
junctus fauna. 

Other faunas and subfaunas will be named as they are taken up, but 
the statistics of these three faunas are ample and they are of a like 
facies,^ so that their comparison will make evident the laws of shifting 
of faunas and their modification coincident with this shifting, with 
geographical distribution and with stratigraphical succession. 

HAMILTON FORMATION AND TROPIDOLEPTUS CARINATUS FAUNA* 

In the final report on the geology of the Fourth district of New York 
(1843) the Hamilton group was defined as the twenty-fourth group of 
the New York system, and with others was included in the Erie 
division. In the later classification, of which Dana's Manual of 
Geology, fourth edition, 1894, may stand as an exponent, the Hamil- 
ton group includes the Marcellus shale, the Goniatite beds, the 
Encrinal beds, the Hamilton shales, and the Moscow shales. The 
Tully limestone is also included by some authors; for the present 
discussion, however, this local formation may be treated faunally as 
a separate formation. Faunally, the series of sediments, as they are 
exhibited in central New York (beginning at the top of the Onondaga 
(Comif erous) limestone and terminating at the base of the Tully lime- 
stone), presents a continuity which leaves no doubt as to the genetic 
succession of a common fauna from the base to the top. In dealing 
with this fauna, only, the species between the limits of the top of the 
Onondaga limestone and the base of the Tully limestone, when these 
are present, will be considered as belonging typically to the Tropi- 
doleptus fauna. But the published lists are, on the one hand, too full, 
because they contain all the species which have been reported from 
the Hamilton group or formation, however that formation has been 
identified; and, on the other hand, they are not sufficient for the 
purposes of this paper, because locality and place in the formation 
are not always recorded or known. It has been necessary, therefore, 
to use specially prepared statistics. 

In order to ascertain the average characteristics of the fauna, a 

a In a paper read before the Geological Society of America after the present bulletin had gome 
to press I proposed the term homeotopic to express this likeness of facies of these faunas. 
Bull. Geol. Soc. Am., Vol. XIV, 1903. 
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large set of local faunules, prepared in determining, by the fossils, 
the areal distribution of the formation, has been examined, and only 
those faunules were taken which hold accredited Hamilton species. 
In order to obtain evidence as to the composition of the fauna in 
different parts of its history, a complete series of the faunules of each 
f ossilif erous zone from bottom to top of a typical section of the forma- 
tion was examined, and the proportionate abundance of species for 
each zone and the range of the species were thus ascertained. 

TROPIDOLEPTUS CARINATUS FAUNA AS EXPRESSED IN EASTERN COUN- 
TIES OF NEW YORK AND PENNSYLVANIA. 

An examination of the faunal lists prepared by Prof. C. S. Prosser* 
for the eastern counties of New York and Pennsylvania furnishes 146 
localities from which fossils of the Hamilton formation have been 
carefully collected and listed. In all 172 species were positively 
identified. The localities are distributed over the counties of Madi- 
son, Chenango, Broome, Otsego, Delaware, Schoharie, Albany, Greene, 
Ulster, and Orange, of New York; and Pike, Monroe, and Carbon, of 
Pennsylvania. The species listed in these tables have been tabulated 
so as to exhibit the number of times each species is recorded in the 
separate faunules. The abundance or rarity of each species in the 
particular faunule was also recorded. 

From this complete tabulation of the statistics the following table 
has been prepared to show the species which stand highest in respect 
to frequency of appearance in the faunules of the region studied. 

Table I. — Tropidoleptus carinatua fauna: Species occurring most frequently in 

the Hamilton formation east of Cayuga Lake, 

[Dominant distributional frequency list for eastern New York.] 



1. Spirif er pennatus 

2. Tropidoleptus carinatns 

3. Spinf er granulosus 

4. Chonetes coronatus 

5. PalfiBoneilo constricta . . 

6. Nucula bellistriata 

7. Ambocoelia umbonata - . 

8. Nuculites triqueter 

9. N. oblongatus 

10. Nucula corbulifonnis . 

11. Athyris spirif eroides . . 

12. Phacops rana - . 



Number of 

localities 

at which 

found. 



113 
89 
59 
57 
56 
42 
40 
38 
35 
33 
32 
32 



Number of 


Abun- 


groups of 
locahties. 


dant. 


30 


26 


27 


22 


28 


11 


26 


10 


27 


2 


23 


4 


22 


4 


22 


1 


21 


1 


17 


4 


24 


2 


18 


1 



Common. 



33 

30 

15 

16 

5 

8 

8 

7 

3 

3 

5 

4 



a The classification and distribution of the Hamilton and Chemung series of central and eastern 
New York: Fifteenth Ann. Rept. State Geologist New York, Part 1, 1895, pp. 87-222. 

The classification and distribution of the Hamilton and Chemung series of central and eastern 
New York: Seventeenth Ann. Rept. State Geologist New York, Part II, 1900, pp. 67-327. 

The Devonian system of eastern Pennsylvania and New York; Bull. U. S. Geol. Survey "Ss^^^* 
120, 1894, pp. 1-«1, 
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The total number of species cited in faiinule lists from 146 localities, 
divisible into 30 groups of localities, in eastern New York and Penn- 
sylvania is 172. In addition to these positive identifications, 15 
species are named with a query, and 11 genera not positively identi- 
fied bj'^ species are cited. From these statements the lists must be 
regarded as approximate, not perfect, lists of the species of the fauna. 
We must await further investigations to perfect the conclusions 
drawn from them, which can be only outlined at the present time. 

DISTRIBUTIONAL VALUES OP THE SPECIES. 

In the first column, after the name of the species in Table I, is given 
the number of times each species is recorded in the 146 localities. In 
the second column the localities are grouped by fives, making 30 
groups in all, and the number of such groups of localities in which 
the species occurs is given. 

Analysis of these two sets of statistics shows that the 12 species of 
the list have all been reported from 32 or more of the 146 localities, 
nearly 22 per cent of the whole. When the distribution is based on 
groups of five localities the frequency reaches 17 out of 30 times, or 
nearlj'^ 59 per cent, showing that we have for all of them a common 
distribution, which would place them in 50 per cent or more of the 
localities examined in a cursory survey of the regions studied. 

The best 6 of the list show a frequency'' of occurrence equal to 
nearly a third of the localities examined, and the same species all 
occur in as many as 23 of the 30 groups of five, and the best 5 out of 
the 12 occur in 26 out of 30, or nearly 90 per cent of the cases. It is 
safe to assume, therefore, that the first 12 species of this list give a 
fair representation of the dominant fauna of the Hamilton formation 
as it is expressed in eastern New York and Pennsylvania. 

FREQUENCY VALUES OF THE SPECIES. 

The dominance of the species in the fauna may be proved by noting 
the number of times each species is reported as abundant or common 
in the local faunule in which it occurs. This kind of value may be 
called the frequency value of the species in the particular faunule. 
The facts for this test are given in the third and fourth columns; the 
figures in the third column express the number of times the species is 
recorded as abundant, and those in the fourth column the number of 
times the species is reported as common. We note at once the promi- 
nence of the first four species of the list. 

The first species is cited as abundant 26 times and common 33 times; 
or for 59 times out of the 113 records it is at least common. This spe- 
cies is Spirifer (mucronatus) pennatus of Atwater. 

The second species in the list, Tropidoleptus carinatus, is abundant 
22 times and common 30 times; or 52 times it is a common constituent 
of the fauna. 
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The next two species, Spirifer granulosus and Chonetes coronatus, 
are common 26 times out of 59 and 57 occurrences, respectively. 

The remaining species of the list are occasionally abundant and 
common for from 4 to 12 times out of from 32 to 56 occurrences; or 
something like 20 per cent of the times thej'^ were observed they were 
common species in the faunule analyzed. 

In matter of relative dominance among the species of the fauna the 
list is therefore representative, and since all the remaining 160 spe- 
cies of the Hamilton formation of this region (so far as reported in 
these statistics) are both less frequent and less abundant in the 
faunules examined, we may assume that we have here not only the 
dominant but the characteristic species of this Tropidolepius carinatus 
fauna. 

This set of statistics was chosen for first consideration for the fol- 
lowing reasons: 

(1) The localities are distributed over a considerable territory, so 
that in case there were local peculiarities in the samples of the fauna 
examined they might be detected and eliminated. 

(2) Although the fauna can be traced upward in the strata above 
the place of the Genesee formation, in the greater part of this region 
the pure Chemung fauna does not appear in the series above the 
Hamilton fauna, but its place is represented by the sediments of the 
Catskill, without a strictly marine fauna. 

(3) The faunas are all gathered and studied by a single person; 
hence the personal difference in estimating specific values and identi- 
fications is eliminated, and whatever may be the possible error in 
identification it is likely to be uniformly made, so that as bionic units 
the species may be regarded as fairly uniform in value, the same name 
standing for the same fossil form in each case reported. 

(4) From the general distribution of the Hamilton formation, I 
have estimated that this northeast corner of the Appalachian prov- 
ince is likely to present its fauna in greater purity than it appears 
elsewhere in the interior continental basin. 

(5) The statistics are gathered and studied with great care by one 
thoroughly familiar with the species and keenly aware of the impor- 
tance of making accurate analyses of the faunas. 

I believe, therefore, that the statistics are as reliable as any that are 
published, and that they represent, as accurately as can possibly be 
reported at the present stage of knowledge, the essential elements of 
tlie fauna of the Hamilton formation. 

RANGE VALUES OP THE SPECIES. 

In order to define a fossil fauna it is not sufficient to enumerate the 
list of species which have been described from the same geological 
formation, chiefly because in such a list will be found species from 
many different regions and from rocks of differen.t «<x^\k'^^vJS^^sis^ 
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horizon, and species which when living were adjusted to different 
conditions of environment.* 

A fossil fauna is made up of the species which lived together under 
a common set of environmental conditions at the same time, and also 
of species which continued to be associated together for a greater or 
lesser length of time {they and their descendants), bearing the same 
relations to one another. It is this twofold extension which must be 
considered in dealing with the faunas of geological time, viz, their 
geographical distribution and their geological range. The geograph- 
ical distribution will indicate the limits of expansion of the fauna, 
determined, it is to be presumed, chiefly by conditions of exterior 
environment. The geological range will indicate the power of endur- 
ance of the whole fauna, and of the constituent species, in preserving 
its integrity as a fauna, generation after generation, against the 
adverse changes of environment and against encroachment of other 
species. 

In order to get a definite conception of a fossil fauna, it is necessary 
to ascertain what were the dominant species. Dominance is a rela- 
tive term, and implies an equilibrium among the several constituent 
members of the community. So complex a combination of forces is 
represented by a fauna that it can not be imagined that the relative 
dominance of the species of a fauna could be retained through any 
serious disturbance of the general conditions of life. A fauna thus 
characterized may be conceived of as keeping the equilibrium (once 
established among its constituent species) only so far geographically 
as the same conditions of environment prevail, and only so long geo- 
logically as it is able to continue breeding and living, at least in a 
metropolis of distribution whose conditions remain approximately con 
stant. A fauna once broken up in its biological equilibrium as a 
fauna must come to an end, however long thereafter individual species 
may persist. 

In order to apply these principles to the determination of the essen- 
tial characteristics of the Tropidoleptus fauna, two kinds of statistics 
were needed : 

(1) Statistics to show the dominant species of the fauna in its geo- 
graphical distribution over a considerable region of surface; and 

(2) Statistics to show the dominant species of a series of successive 
zones ranging through a considerable thickness of rocks in a single 
geographical section. 

CAYUGA LAKE SECTION. 

In order to provide a standard list of the fauna of what is called 
the Hamilton formation, from a typical section of the formation, I 
persuaded Mr. H. F. Cleland, already well equipped by his previous 
biological training, to make an exhaustive analysis of the Hamilton 



« Heterotopic is proposed to express this adjustment to divei*se conditions of environment. See 
Bull. Geol. Soc. Am., Vol. XFV, 1898. 
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formation as it is exposed along the shores of Cayuga Lake in central 
New York. Dr. Cleland accomplished the work successfully. The 
paper which he wrote, containing the results of the investigation, was 
first presented as a thesis for the doctorate degree conferred by Yale 
University in 1900, and was afterwards published as a bulletin of 
the U. S. Geological Survey,^ wherein the statistics here used may be 
examined in detail. 

A list was prepared, based upon a very thorough study and dissec- 
tion of the formation from bottom to top. The f annul es were collected 
from 76 zones of the 1,224 feet* of strata representing the Hamilton 
formation of this region. Upon examination of the collections it 
was decided that, faunally, there were but 25 separate faunal aggre- 
gates represented in the series. These were spoken of in his paper as 
zones, and marked by letters from A to Y. The species were distrib- 
uted quite generally throughout the several zones; but each zone — 
sometimes a few feet thick and occasionally 10 or over 100 feet thick — 
held practically the same faunule from bottom to top; that is, the 
same species in the same relative abundance as compared numerically 
with each other. The investigation was made under my supervision, 
but the identifications were all made by Dr. Cleland, who gave very 
careful attention to the discrimination of the least departure from the 
described characteristics of the species cited. 

In the use of fossils for the purpose of scientifically measuring geo- 
logical time the faunules of such zones as Cleland has analyzed and 
listed may be called bionic units of the first order; the time repre- 
sented by the continuance of the particular faunal equilibrium of such 
a unit may be called a hemera, applying the term nearly in the original 
sense of Buckman,^ but giving it a definition. It may be described 
as the time during which the particular individuals of a given fauna 
and their descendants maintain their faunal equilibrium in relation to 
one another in a local and temporary faunule, as expressed by the 
retention of the same species in the same relative abundance in the 
faunal aggregate. 

The analysis of Dr. Cleland's lists of hemeral faunules and the 
reduction of their statistics to averages gives an approximate concep- 
tion of the constitution of the fauna as a whole, viewed in its relation 
of range through the whole Hamilton formation. It is in reality the 
dominant fauna of the region for the epoch of time through which it 
preserved its integrity as a fauna. 

Table II presents the results of such an analysis. 



a A study of the Hamilton formation of the Cayuga Lake section in central New York, by 
H. F. Cleland: Bull. U. S. Gteol. Survey No. 206, 1903. 

ft This is Prosser's estimate of thickness. Cleland estimates the total thickness of Hamilton 
to be 1,100 feet (Bull. 206, p. 90). 

cS. S. Buckman, Quart. Jour. Geol. Soc., November, 1898, Vol. XLIX, p. 481. 
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Table II. — Tropidoleptus fauna: Fourteen species occurring most frequently in 

the Hamilton formation of Cayuga Lake. 

[Dominant range frequency list for Cayuga Lake meridian.] 





Num- 
ber of 
zones 

in 
which 
found. 




Num- 
ber of 
zones 

in 
which 
found. 


1. Tropidoleptus carinatns 

2. Arnbocoelia ninbonata 

3. PalaBoneilo constricta 


21 
21 
21 
20 
20 
20 
19 


8. Chonetes mucronatns ... 

9. Athyris spiriferoides 

10. Nuculites triqueter . . 

11 . Modiella py&nnaBa 


18 
17 
17 


4. Spirifer pennatus . . 

5. Phacops rana 

6. CrvphaBus boothi 


16 


12. Tellinopsis snbemarginata. . . 

13. Stropheodonta perplana 

14. Nuculites oblongatus 


16 
16 


7. Nucula corbuliformis 


16 







The list here compiled (Table II) exhibits the 14 species occurring 
most frequently in the 25 zones into which the formation was divided 
at Cayuga Lake exposures. It will be noticed that these 14 species 
occur in 16 or more of the 25 zones, and that 6 of them occur in 20 or 
more of the 25 zones. The first 5 in the list are also in the list of 12 
characteristic species of the eastern Hamilton (Table I, p. 51). These 
are Tropidoleptus carinatus, Amboccdia umhonata^ PcdcBoneUo con- 
stricta^ Spirifer (mucronotus) pennattis, and Phacops rana; the 
remaining 7 of the dominant list are found in the Cayuga Lake sec- 
tion, but they are not among the more widely ranging species of that 
section. 

Chonetes coronatus is represented in 13 of the zones, in both the 
lowest and highest, and is fairly common in several of the zones in 
which it appears. 

Nncida bellistriata does not appear in the 6 lower zones at Cayuga 
Lake, but is seen in 8 of the zones above. 

Cryph(zus boothi, which appears in 20 of the 25 zones of the Cayuga 
Lake section, is not common in the eastern sections. It was discov- 
ered in several sections about Smyrna and Sherburne, once at Sum- 
mit, aiid from Kingston southward the species is again .occasionally 
reported, 13 times out of 36 stations. 

Chonetes mucronatiLs is among the long-ranging species of Cayuga 
Lake. It is fairly common in the eastern faunas, but not among the 
first 12. 

ModieUa pygmcea and Stropheodonta perplana are long-ranging 
species in the formation, and are frequent in the localities as far as 
Chenango Valley, and again from Kingston southward, but are rare 
in the intermediate region. 

Tellinopsis subemarginata and Nuculites oblongatus are frequently 
noted in the zones at Cayuga Lake, and are also fairly common east- 
ward, but fail to appear in the first 12 of the tj^pical list. 

Looking over the range of the species in the zones of the Hamilton 
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formation at Cayuga Lake, the dominant list already selected presents 
the most characteristic species on the basis of frequency of appearance 
vertically in the zones ; but, allowing for imperfection in the collecting, 
the list as given in Table I may still stand as the list of dominant 
species of the fauna, considered geologically as well as geographically. 

EIGHTEENMILE CREEK SECTION. 

Another test of the correctness of the list of dominant species of 
the Tropidoleptus carinatus fauna is derived from a study of the lists 
of species reported by faunules as they occur in the section of the 
Hamilton rocks at Eighteenmile Creek.« 

Mr. Grabau made an exhaustive study of the zonal succession of 
faunules throughout the Hamilton of Eighteenmile Creek. In his 
list 35 zones are recognized. The total number of species named by 
Mr. Grabau in his list is 163, but 10 of these are not positively iden- 
tified with any known species. Hence there are only 153 species 
positively recognized in the collections studied by him. Of these 
the following 12 are the more frequenth'' represented in the zones, 
the first 9 of them appearing in at least 17 out of the 35 zones, or in 
50 per cent of the zones. 

Table III. — Tropidoleptus fauna: Twelve species occurring most frequently in 

the Hamilton formation at Eighteenmile Creek. 



[Dominant range 


frequency list for Eighteenmile Ci-eek.] 






Niimber 

of zones 

in which 

found. 


* 


Number 

of zones 

in which 

found. 


1 . Spirif er pennattis 


28 
26 
21 
20 

18 
18 


7. Primitiopsis punctilifera _ . 

8. Stropheodonta perplana _ - . 

9. Orthothetesarctistriatus -- 

10. Rhipidomella vanuxemi.-- 

1 1 . Productella spinulicosta _ . _ 

12. Cryphaeus boothi 


18 


2. Phacops rana 


17 


3. Chonetes lepidus . . . 

4. A thy r is spiriferoides 

5. Ambocoelia umbonata 

6. Chonetes scitulus 


17 
14 
14 
14 









It will be noticed that 4 of the species of this list belong to the 
dominant list of eastern New York (page 51), and these 4 are among 
the first 5 showing most frequent occurrence in the zones of the forma- 
tion in western New York, appearing in 18 or more of the 35 zones. 
It is to be noted, however, that several of the species of the list for 
eastern New York (Table I) are rare or wanting in the Eighteenmile 
Creek section, and are there restricted to a few zones. They are 
the following species, the number of zones in which they appear in 
the Eighteenmile Creek section being expressed by the figures to the 
right of the name. The total number of zones is 35. 

a The faunas of the Hamilton group of Eighteenmile Creek and vicinity in western New York, 
by A. W. Grabau: Sixteenth Ann. Rept. State Geologist New York, 1898, pp. 231 -33a. 
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Table lUa. — Dominant eastern species not dominant in the Eighteenmile Creek 

section, 

Spirif er grannlosns _ 10 

Chonetes coronatas 6 

Palaeoneilo constricta _ _ 4 

Nnculites triqueter 1 

Nnctila bellistriata _ 

Nucnla corbulif ormis 

There are also several species in the range list of Eighteenmile 
Creek not in the dominant distributional list of eastern New York. 
They are: 

Table IITb. — Dominant Eighteenmile Creek species not dominant in the eastern 

New York region. 



Chonetes lepidns 

C. scitulus- - 

Primitiopsis punctilif era 
Stropheodonta perplana. 



146 fann- 
nles. 



11 

17 



15 



Orthothetes arctistriatns 
Rhipidomella yannxemi . 
Productella spinnlicosta 
Cryphaeus boothi 



146 faim- 
nles. 



12 

17 



17 



The numbers in this list indicate the number of times the species 
is recorded among the 146 faunules of the eastern distribution recorded 
by Prosser; these numbers indicate that the species are rare in the 
East. 

It is evident, therefore, that the Hamilton fauna of western New 
York is considerably modified from the standard presented in eastern 
New York. 

CONSTRUCTION OF A STANDARD LIST OF THE DOMINANT 
SPECIES OF THE TROPIDOLEPTUS FAUNA. 

These several local lists already presented may be assumed to give 
a fair representation of the dominant characteristics of the Tropido- 
leptus fauna, derived in two ways — first, on the basis of frequency of 
occurrence in geographical distribution for a region in which the for- 
mation is typically expressed ; second, on the basis of frequency of 
recurrence of the species in vertical range through the successive 
zones of a continuous section, passing from the bottom to the top of 
the formation. 

The statistics in all cases were prepared with special attention to 
the discovery of the facts used in the present discussion, and by men 
who were well acquainted with the fauna they were analyzing. 

Difference of opinion regarding the identification of species is not 
alone due to difference in knowledge. The same person is more likely 
to use specific names alike in successive papers, but the habit is not 
uniform, as statistics show. Nevertheless, for determining values of 
species in terms of abundance or frequency of occurrence, lists made 
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by the same man are, naturally, more likely to furnish correct com- 
parative statistics than lists made by different men. 

These three selected cases may be taken as offering a fair basis of 
reckoning, the results derived from which may constitute a fairly 
satisfactory standard, though they can not be regarded as final in 
any of the lists, since the statistics of the faunules are decidedly 
incomplete. This incompleteness of the fundamental statistics of 
this investigation, while important, does not invalidate the general 
conclusions which are drawn from them, for, although the exact degree 
of dominance is not mathematically expressed by the figures, or by 
the order of the species in the lists, the fact of dominance is clearly 
expressed for the species mentioned. 

In order to reduce to a minimum the errors pertaining to the sev- 
eral modes of measuring the bionic values of the species the average 
may be struck, and thus dominance of both kinds may be expressed 
in a final list which may stand as a standard and representative list 
of the dominant species of the Tropidoleptus carinatus fauna. 

In order to add together the statistics of various kinds regarding 
the same species the several fractions may be reduced to percentages 
(Table IV). The statistics are in three sets and are expressed in fig- 
ures at the right of the species tabulated in the preceding tables (I, 
II, III). The figures express the following facts: 

(1) The geographic frequency of occurrence of the species in the 
146 sample collections made in eastern New York and Pennsylvania. 

(2) The frequency of recurrence in the 25 zones making up the ver- 
tical column of the Cayuga Lake section. 

(3) The frequency of the vertical recurrence of the species in the 
35 zones of the Eighteenmile Creek section. 

The total number of stations in the first group is 146; the total num- 
ber of zones in the second group is 25; the total number of zones in 
the third group is 35. 

By reducing the fractions to approximate percentage values we get 
the following table : 

Table IV. — Tropidoleptus fauna: Preliminary dominant list. 



Spirif er pennatns 

Tropidoleptus carinatus 

Spirif er granulosus 

Chonetes coronatus 

Palaeoneilo constricta . . 

Nucula bellistriata . 

Ambocoelia umbonata. . 

Nuculites triqueter 

N. oblongatus 

Nucula corbuliformis . . 
Athyris spiriferoides . . . 
Phacops rana 



1. 

Eastern 
New 
York. 



6. 
Rank of 
9i)ecie8. 
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In this table columns 1, 2, 3 express, approximately, in percent- 
ages, the facts shown in Tables I, II, and III; column 4 indicates 
the species which are recorded in the fauna of Ontario, Canada;^ 
column 5 gives the sum of the percentages in the first three columns, 
and column 6 shows the relative order of the species, according to 
the results thus reached. 

Tabulating the species in this order the following table is obtained : 

Table V. — Tropidoleptus fauna: Standard list of dominant species for the New 

York-Ontario province. 



■ 


Per cent 

of bionic 

value. 




Per cent 

of bionic 

valae. 


1. Spirifer pennatns 

2. Phacops rana 


79 

58 
56 
54 

47 

! 45 

1 


7. Spirifer grannlosus 

8. Chonetes coronatus 

9. Nuculites triqueter 

10. Nucula corbuliformis 

11. Nuculites oblongatus 

12. Nucula bellistriata 


86 
86 


3. Tropidoleptus carinatus 

4. Ambocoolia mnbonata 

5. Athyris spiriferoides 

6. Palseoneilo constricta 


83 
33 
31 
20 



The figures to the right in this list express in percentage the approxi- 
mate bionic value for each of the species as obtained from the sta- 
tistics before us. It will be seen that there are 10 species which haye 
a bionic value in this fauna of 33 per cent and over, and no other 
species attain this bionic value when tested by the several modes of 
estimating them which have been here defined. 

The first 10 species in this list (Table V) may be regarded as the 
10 most characteristic species of the fauna of the Hamilton formation 
as it is seen in New York State, as determined by the evidence already 
presented. 

The geographical distribution of the fauna may be recognized by 
the distribution of these species. A fauna which fails to contain any 
of them can not be said to be the Tropidoleptus fauna, although it 
may be called equivalent (on some basis) to it. 

When the vertical range of the fauna is under consideration, so 
long a« a majority of these 10 species continue to appear in the rocks, 
although lithologically or stratigraphically they lie above the Hamil- 
ton formation, it will be correct to state that the fauna still lives and 
preserves its bionic integrity in the measure of dominance of these 
species. When, therefore, the question as to upward range of the 
Tropidoleptus fauna is discussed, these species should be considered 
as the standards by which the fauna is to be recognized, irrespective 
of the stratigraphical evidence of continuance or noncontinuance of 
the Hamilton formation. 

The effect of checking up the eastern list, on the basis of the vertical- 



aOn some additional or imperfectly understood fossils from the Hamilton formation of 
Ontario, with a revised list of the species thei*efrom, by J. F. Whiteaves: Contributions to Cana- 
dian Palaeontology, 1885-1898, Vol. I, Part V, pp. 361-436, Pis. XLVIII-L 
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recurrence frequency, is to exalt the rank of the species Amhoccelia 
umhonata, Athyris spiriferoides and Phacops rana^ and this throws 
Nucvla and Nuculites to the end of the list. This result may be 
attributed to the influence of environmental conditions upon the 
species, for the conditions are more favorable for lamellibranchs in 
the eastern region, and more favorable for trilobites in the western. 
It is, secondly, traceable to the rarity of these species in the localities 
in the counties of Otsego, Delaware, Schoharie, and Albany, which 
lowers their frequency percentage for the whole area. Their fre- 
quency in Madison and Chenango counties, and again in Greene, 
Ulster, and Orange counties, and across the State line in Pennsyl- 
vania, would entitle them to the prominence they hold in the list as 
furnished by the other evidence. 

I conclude from the balancing up of the various kinds of evidence 
now in hand that the last list (Table V) contains the twelve most 
characteristic species of this fauna as it appears in the New York 
province, and shows the order of approximate rank they occupy in the 
fauna as a whole. 

Examination of the faunas in the formations succeeding the Hamil- 
ton formation of the eastern division of New York reveals the fact 
that this typical Tropidoleptus fauna continued to appear above the 
strict limits of the formation, though associated with new forms dis- 
tinct from those of the Tropidoleptus fauna. 

The Hamilton formation is regarded as terminating where the TuUy 
limestone comes in, when it is present, and where the Genesee shale 
appears, when the former is wanting. When neither of these litho- 
logical formations is present, the position in the strata was traced 
from place to place with great care by the lithological character of 
the strata with the aid of structure and minute discrimination of the 
faunal contents. The faunas confirm the accuracy of the geological 
work of Professor Prosser, and of the dissection of the local sections 
made by him. I have examined his reports with critical scrutiny, 
and have great confidence in the interpretation of the equivalency of 
the species and faunas made by him. The evidence of change in the 
faunas is clear, and the relative order of the succession of the faunas 
is always the same, and the grad ual departure of the less conspicuous 
elements of the earlier fauna is apparent as the faunas are traced 
upward in each section. 

The Ithaca formation is succeeded by the Oneonta, and above the 
Oneonta a considerable number of the typical- species of the Tropido- 
leptus fauna still appear. These species continue after the introd uction 
of Spirifer mesicostalis and after the Spirifer mesistrialis fauna was 
well established in the province. The Tropidoleptus fauna was not 
entirely dispersed till the characteristic Spirifer disjunctus of the 
Chemung had arrived in central New York. In the extreme eastern 
counties this species is not certainly reported, but many of its asso- 
ciateg in the western part of the basin are introd\ie^^\i<$ilcrc<$i XXv^ <K^xt^ 
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disappearance of the Tropidoleptus fauna from the eastern corner of 
the basin. 

On following these faunas westward it is found that the Tropido- 
leptus fauna lies entirely below the Genesee shale in the Genesee 
Valley and farther westward. The formations called Sherburne, 
Ithaca, Oneonta, and, I am inclined to think, a considerable part of 
what is classified as Chemung in the eastern half of the State, lying 
above the Oneonta, must be regarded, on stratigraphical grounds, as 
equivalent to the Portage formation of the Genesee Valley. 

EFFECT OF ADDITIONAL STATISTICS. 

In order to demonstrate the way in which such a standard list as 
Table V is affected by additional statistics, a few cases are left for 
analysis after the estimate has been deliberately made. 

The faunules of the TJnadilla region of Otsego and Delaware coun- 
ties, in eastern New York, were gathered by Prof. C. S. Prosser and 
reported in 1893.^ In his report 37 faunules are analyzed and the 
species tabulated. The number of species positively determined is 
66; 18 more species are named, but marked with a query, and 13 gen- 
eric names are cited without identification of the species observed. 
The 12 more common species of the 37 faunules are named in 

Table VI. 

Table VI. — Tropidoleptus fauna: Dominant species of the Hamilton formation 

of the Unadilla region. 



* 1. Ambocoelia mnbonata 23 

* 2. Tropidoleptus carinatus 20 

* 3. Spirifer pennatns 17 

4. Paracyclas lirata. 11 

5. Leiorhynchus laura 10 

* 6. Nuculites oblongatns 13 



* 7. N. triqneter 9 

* 8. Chonetes coronatus 9 

* 9. Spirifer grannlosus 7 

* 10. PalflBoneilo constricta 7 

11. Spirifer medialis 7 

12. Chonetes scitnlus 7 



It will be noted that 8 of these 12 species belong to the standard 
dominant list of 12 (Table V), compiled from the various statistics of 
the State. They are markt^d with asterisks before the names. 

The species of the standard list which are not among the first 12 
species of the Unadilla list are — 

Phacops rana. 
Athyris spiriferoides. 
Nucnla corbuliformis. 
N. bellistriata. 

The dominant list for the Unadilla district contains four species not 
in the general dominant list, which are— 

Paracyclas lirata. 
Leiorhynchus laura. 
Spirifer medialis. 
Chonetes scitulus. 



a Forty-sixth Ann. Bept. New York State Museum, 1893, pp. 256-288. 
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If now we make a revised list by adding to the standard list based 
on the 146 faunules the new distributional values of all the species as 
they appear in the 37 TJnadilla faunules, they will then stand as in 
Table VII, the numbers at the right expressing the distributional 
values of the species in the 146+37=183 faunules. 

Table VII. — Tropidoleptua fauna: Revised list of dominant species of the Ham- 
ilton formation of eastern New York and Pennsylvania, as expressed in 183 
faunules. 



1. Spirifer pennatus 130 

2. Tropidoleptus carinatus 109 

3. Spirifer granulosus. 66 

4. Chonetes coronatus 65 

5. Ambocoelia umbonata 63 

6. Palaeoneilo constricta 63 

7. Nuculites oblongatus 48 

8. N. triqueter _ 47 



9. Nucula bellistriata 47 

10. Phacops rana 38 

11 . Athyris spirif eroides _ . . 36 

12. Nucula corbuliformis 33 

13. Leiorhynchus laura _ 30 

14. Paracyclas lirata . 29 

15. Chonetes scitulus 24 

16. Stropheodonta perplana 21 



It will be observed that the first 12 species of this table are the 
same as the 12 species in the standard list (Table V), and that none 
of the 4 species which were specially dominant oifiiy in the Unadilla 
list reach as high distributional value as do all of those of the stand- 
ard list. The new facts brought in by the additional statistics derived 
from the same general region do not disturb the general results 
obtained by consideration of the smaller number of faunules. 

STATISTICS BASED ON ANALYSIS OF THE ZONES OF THE 

LIVONIA SALT SHAFT. 

The faunules discussed by Prosser in his paper on eastern New York 
and Pennsylvania under the designation of Hamilton do not definitely 
include the Marcellus. The list of faunules reported by Cleland from 
Cayuga Lake begins with the Marcellus. Mr. Grabau's analyses of 
the Hamilton group of Eighteenmile Creek take in the transition zone 
of the top of the Marcellus. The conclusions, therefore, reached from 
study of the statistics reported by these men deal with the pure Ham- 
ilton fauna. 

Dr. Clarke has given an analysis of the species discovered in the 
Livonia salt shaft,^ which runs lower than the other records, taking 
in the Marcellus and Onondaga faunas. In his list for the part of 
the record covering the Hamilton formation, all the abundant species 
of the other lists are reported, with the exception of Nucula corbuli- 
formis, but the frequency of records in the separate faunule lists is 
not so emphatically expressed as in the lists formed with the definite 
purpose of recording frequency values with precision. Dr. Clarke 
separates the series above the Marcellus into 16 zones, but the recorded 
species reach, in the highest case, only 10/16 of frequency value. This 
is the case of Phacops rana, which is recorded ten times. 



a The succession of the fossil faunas in the section of the Livonia salt shafts b^ 5c>\!ca.'^.v:^sa:^'«s». 
Thirteenth Ann. Kept. St^te Gwlogfist New York, 1893,yo\, VQtw>\o«^,^V-^^5SS.-'N5fc, 
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The species occurring the greater number of times in the 16 faunules 
reported are as follows: 

Table Vni. — Tropidoleptus fauna: List of species appearing most frequently 
in the 16 zones of the Hamilton formation of the Livonia salt shaft. 



♦1. Phacops rana _ 10 

2. Diaphorostoma lineatmn 8 

3. Orthoceras mintium 7 

4. Chonetes scitulus 7 

5. Orthis vanuxemi _ 7 

6. Orthothetes arctistriatus 6 

7. Productella spinulicosta 6 



8. Bellerophon leda 6 

9. Actinopteria decnssata 6 

10. Streptelasma rectum 5 

*11 . Spirifer pennatns 5 

12. Orbicnloidea media 5 

*13. Chonetes coronatns 5 

*14. Ambocoelia mnbonata _ 5 



Those of the standard list are marked with asterisks, and consti- 
tute only 4 of the list of 14, and only 1 of those among the first 10. 
The other species of the Livonia list (with the exception of the sec- 
ond) are, however, all reported from rocks of the Hamilton formation 
in the East. The high range value assigned to species in the Livonia 
section, which take a relatively less conspicuous place in both the 
Cayuga Lake and the Eighteenmile Creek sections, may be explained 
on the supposition that the author gave closer attention to the species 
by which the several zones can be distinguished than to those com- 
mon species which appear most frequently throughout the series. 
Otherwise it is necessary to assume from the records that the common 
species appear less frequently in the zones of the Livonia section 
than would be expected from all the other statistics which were gath- 
ered specially to ascertain the range and distributional values. 

HAMILTON FORMATION IN ONTARIO, CANADA. 

The species of the Hamilton formation of Ontario, Canada, as 
reported by Dr. Whiteaves,^ include 8 of the standard list of 12 dom- 
inant species of the Tropidoleptus fauna, and several of those quoted 
as more or less dominant not among the first 12. 

The list of species is given in Table IX. They are arranged alpha- 
betically, because the statistics regarding range or distributional fre- 
quency are not reported. 

Table IX. — Tropidoleptus fauna: Species of the standard lists of the Hamilton 
formation of New York State which are also reported from the Hamilton for- 
mation of Ontario, Canada, 

* Ambocoelia umbonata. Orthothetes arctistriatus. 

* Athyris spirif eroides. * Phacops rana. 

* Chonetes coronatns. Primitiopsis pnnctilifera. 
C. lepidus. Rhipidomella vannxemi. 
C. scitnlns. * Spirifer granulosus. 
CryphaBus boothi. * S. (mucronatus) pennatus. 

* Nuculites triqueter. * Tropidoleptus carinatus. 

a On some additional or imperfectly understood fossils from the Hamilton formation of Onta- 
rio, with a revised list of the species therefrom, by J. F. Whiteaves: Contributions to Canadian 
PalfiBontology, 1885-1898, Vol. I, Part V, pp. 361-436, Pis. XLVIH-L. 
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The four species absent are — 



Nncula bellistriata. Nuculites oblongatns. 

N. corbuliformis. Palaeoneilo constricta. 

The naming of these species at once calls attention to the fact that 
these species and the genera to which they belong hold conspicuously 
a more important place in the fauna of the Hamilton formation of 
the eastern portion of the State of New York than in the western 
half. This remark applies also to the Pelecypoda in general. On 
the other hand, the fauna is richer in Ccelenterata in Ontario than 
in its more eastern expression. 

HAMILTON FORMATION IN MICHIGAN. 

The faunal lists for the Hamilton formation of the Michigan area 
are still imperfect, but some idea of the common species may be gath- 
ered from the lists prepared by C. Rominger.^ 

The occurrence of the following species is mentioned: 

Spirifer (mucronatus) pennatus. 

S. granulosus. 

Chonetes coronatus. 

(Spirigera coiicentrica=) Athyris spiriferoides. 

(Phacops bufo=) P. rana. 

Other species of the Tropidoleptus fauna are recorded, but the above 
mentioned constitute 5 of the 10 species of the standard list. 

The recent investigation of the faunas in northern Michigan made 
by Mr. Grabau* does not increase the number of species of the domi- 
nant list. 

HAMILTON FORMATION IN WISCONSIN. 

The Milwaukee fauna analyzed by Messrs. Teller and Monroe^ 
contains the following species: 

Phacops rana. 
PalflBoneilo constricta. 
Nucula corbuliformis. 
Spirifer pennatus. 

Several other species of the common fauna of the Hamilton foi'ma- 
Uon of eastern New York are also reported. 

Here are enough of the representatives of the standard Tropidolep- 
tus carinatus fauna to lead to the inference that the typical fauna is 
not far distant, but whether the separation is geographical or strati- 



« Geological Survey of Michigran, 1873-1876. Vol. Ill, pp. 38-63. 

''Stratigraphy of the Travei*se group of Michigan, by A. W. Grabau; Kept. State Board of 
Geol Surv. Mich., for 1901-2. 

fThe tauna of the Devonian formation at Milwaukee, Wis.: Jour. Qeol., Vol. VU, 1899, pp. 
27SJ-SJ83. 
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graphical is not evident from the citation of these species alone. The 
presumption is that the strata at Milwaukee constitute an extension 
of the Hamilton formation of the lower peninsula of Michigan. The 
problem of determining the correlation of the fauna can be discussed 
more satisfactorily after the facts regarding the relations of the 
various faunas in the New York-Pennsylvania subprovince to one 
another are elaborated. 

HAMILTON FORMATION IN SOUTHERN ILLINOIS. 

In southern Illinois occurs a fauna, analyzed by Prof. Stuart Weller,« 
which contains three of the standard representatives of the Tropido- 
leptus fauna, viz: 

Chonetes coronatus. 
Phacops rana. 
Tropidoleptus. 

Some of the less common species of the New York Hamilton forma- 
tion are also reported in the list. 

The species enumerated constitute characteristic species of the 
Tropidoleptus carinatus fauna, and, although few, they seem to leave 
no doubt as to the presence of the fauna. But we are still left in 
doubt whether this faunule may not represent actually an earlier 
geological horizon than the base of the typical Hamilton formation in 
New York. 

The association of these species with species which do not appear 
in the typical Hamilton formation in New York confirms the opinion, 
derived from a comparison of the fauna with those outside the basin, 
that the Tropidoleptus fauna as a whole came into this interconti- 
nental basin from the south, and probably by a passage on the south 
side of the Ozark island of Missouri. If this hypothesis be correct, 
the association of the more typical species of the fauna with Onon- 
daga species in the southwest corner of the basin is not unexpected. 
The facts regaixling the association of species in the faunules along 
the western side of the Cincinnati-Nashville axis, in Kentucky, Indi- 
ana, and Ohio, point the same waj^ 

SELLERSBURG FORMATION IN INDIANA. 

Recent investigation made by Dr. E. M. Kindle is revealing traces 
of the Tropidoleptus fauna to the west of the Cincinnati-Nashville 
ridge in central Indiana. 

In a report now preparing for the press, Dr. Kindle gives the fol- 
lowing list of species occurring in a Sellersburg faunule from a section 
in the town of Lexington, Scott County, a few miles north of 
Louisville, Ky. 

a Correlation of the Devonian faunas in southern Illinois: Jour. Geol., Vol. V, 1897, pp. 625-6%. 
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Seller sburg faunule, Lexington, Scott County, Ind. 

Chonetesyandellanus (abundant). 
Tropidoleptus carinatus (abundant) . 
Spirifer granulosus (common) . 
Stropheodonta demissa (common) . 
Roemerella grandis (rare). 
Phacops rana (rare) . 
Proetus canaliculatus. 
Stictopora sp. ? 
Cystiphyllum sp. ? 

Other sections of the same formation (Sellersburg) contain Spirifer 
pennatuSy Spirifer granulosus^ Stropheodonta perplana, and other 
species of the Tropidoleptus fauna. Several other faunules reported 
from the southern part of the district contain Tropidoleptus; in this 
faunule it is abundant. 

As far north as Cass County traces of the same fauna are detected 
in the beds overlying the Jeffersonville limestone and underlying the 
New Albany black shales. 

Although these facts point to the presence of representatives of the 
Tropidoleptus carinatus fauna in the formation west of the ridge, it 
does not necessarily follow that the Sellersburg is the stratigraphical 
equivalent of the Hamilton formation of New York, since, as will be 
shown, the dominant as well as a large number of the ordinary 
species of that fauna appear in the Ithaca formation, known to be, 
geologically, of later age than the Hamilton formation. 

The fuller discussion of the questions here raised will appropriately 
come after the main problem is presented and elaborated, and the 
laws of shifting of faunas established by evidence. 

There will be no objection, I think, to the claim that these several 
local faunules belong to the same general Tropidoleptus fauna ; but the 
formational equivalency may be questioned, as will be brought out 
as we proceed to the discussion of the fauna of the formations 
following the Hamilton in the eastern New York area. 

ROMNEY FORMATION IN WESTERN MARYLAND. 

Through the courtesy of the State geologist of Maryland, Prof. W. B. 
Clark, and of Prof. C. S. Prosser, the paleontologist, I am able to con- 
sult the faunule list of species from the Romney formation of western 
Marj^land, recently secured under the auspices of the Maryland 
geological survey. 

In the list furnished me by Professor Prosser there appear 132 
entries, 91 of which are positive specific identifications. Among the 
latter are found all of the dominant species of the Tropidoleptus 
carinatus fauna, as estimated from the New York statistics (see Table 
V). This is sufficient to establish the extension of the Tropidoleptus 
fauna, in its integrity, as far south in the Appalachian trough as 
Maryland. 
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ABSENCE OF TROPIDOLEPTUS FAUNA IN OTHER REGIONS. 

That the Tropidoleptus fauna is not represented in the Iowa forma- 
tions is signified by the fact that only Phacops rana of the standard 
list^ — a species of very wide geographical range — appears in the lists 
consulted. 

The Manitoba, Saskatchewan, and Mackenzie River lists prepared 
by Dr. Whiteaves do not record a single species of the standard Tropi- 
doleptus carinatus faunal list. 

We are thus led to the separation of the Devonian faunas of Iowa 
and the Northwest (outside the intercontinental basin) from those of 
the Appalachian province and its extensions, both into the Tennessee 
province and into the Micliigan province, with the latter of which, 
faunally, the Milwaukee locality must be regarded as directly con- 
nected. 

POST -HAMILTON FORMATIONS AND THEIR FAUNAS IN NEW 

YORK PROVINCE. 

Having demonstrated the dominant characteristics of the fauna 
which is contained in the Hamilton formation in its central position 
and where the facts are most fully known, we have next to consider 
the faunal characteristics of the overlying formations. The upper 
termination of the Hamilton was, for the purposes of this investigation, 
assumed to be at the bottom of the Tully limestone, where that is 
present; at the bottom of the black Genesee shale, where that is clear 
and the Tully is not evident ; and, where the evidence of those oi'di- 
narily overlying formations is indistinct, at the place in the sequence 
of strata which can be definitely traced, by either stratigraphical or 
paleontological evidence, as the stratigraphical extension of that plane. 

It is also taken for granted that the list of species given in Table V 
may be relied upon as positive evidence of the Tropidoleptus carinatus 
fauna as it is expressed in the northeastern corner of the continental 
basin of North America. The entire absence from any fossil faunule 
of the 12 species there enumerated may be regarded as presumptive 
evidence that the Tropidoleptus fauna is absent, although other species 
among the 200 or more thereof known to be and found associated with 
them might be present. 

On the other hand, the presence of the majority of these dominant 
species is not proof positive that we are dealing with the stratigraphical 
equivalent of the Hamilton formation, for the two following reasons* 
First, the fauna may have migrated into the region in which the Ham- 
ilton formation was deposited, in which case the fauna existed prior to 
the beginning of that formation; second, unless evidence can be fur- 
nished of the destruction of the fauna at the time of the deposition 
of the Tully limestone or the Genesee shale, there is no reason to 
believe that its integrity as a fauna was there suddenly lost. But we 
may assume that evidence of lessening bionic value of these species, as 
indicated by their loss of dominance in the local or temporary faunules 
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in which they occur, may be interpreted as indicating modification 
of the fauna as a whole, due either to lapse of time in the same region, 
resulting in the loss of supremacy of these species, or to shifting of 
the fauna as a whole, resulting in loss of life and change in the 
equilibrium of the species owing to change of conditions of life. 

It will be remembered that in the section running through Cayuga 
Lake and Ithaca, which was elaborated in 1883,^ both the Tully lime- 
stone and the Genesee shales are distinct formations and form a 
definite termination for the Hamilton formation. 

It was pointed out in a later paper* that this zone was indicated by 
the first appearance in the New York section of EhynchoneUa {Hypo- 
thyris) cuboides (=i2. venustula Hall) and other species not found 
below in the Hamilton, but widely distributed in other parts of 
the world. The inference was drawn that there had been modifica- 
tion of the local fauna by immigration of foreign elements. The 
fauna to which these immigrants belonged in other regions was 
observed to be more intimately associated with the later faunas of 
the New York region (the Spirifer disjunctus fauna) than with the 
Tropidoleptvs fauna, and the conclusion was therefore reached that 
the Tully limestone was more naturally associated faunally with the 
formations that stratigraphically follow it than with the Tropidoleptus 
carinatus fauna of the Hamilton, and so, in spite of the survival of 
many species of the underlying formation, the fauna of the Tully 
limestone was appropriately called the cuboides fauna, from the 
dominance of this new form, JRhynchoneUa cuboides. 

In the more exact nomenclature adopted in writing this paper the 
cuboides fauna may be regarded as only a faunule — that is, only a 
local and temporary representative of a fauna which, though not 
widely represented in the interior continental basin of North America, 
probably had its fuller characteristics expressed in the outer Manitoba- 
Mackenzie River seas of Devonian time. 

In the Cayuga Lake-Ithaca section, above the Tully came the black 
Genesee shale with its Lingula spatulata faunule.*^ This faunule 
contains Ambocodia umbonata, but no other one of the 12 dominant 
species of the Tropidoleptus fauna. Following this was a small 
faunule which is related to the Portage fauna of the Genesee Valley, 
as seen by the continued presence of Cardiola speciosa; ^ and above 
that came the Spirifer Icevis faunule, still a modification of the western 
Cardiola (Portage) fauna,^ but mingled with some of the species of 
the Tropidoleptus fauna. Still a third modification of the Cardiola 
fauna is seen in some black or dark shales above the Spirifer Icevis 

a On the fossil faunas of the Upper Devonian along the meridian of 76° 3CK from Tompkins 
County, N. Y., to Bradford County, Pa., by H. S. Williams: Bull. U. S. Geol. Survey No. 3. 

6 The Cuboides zone and its fauna; a discussion of methods of correlation, by H. S. Williams: 
Bull. Qeol. Soc. Am., Vol. I, pp. 481-501, Pis. XI-XHI. 

cBuU. U. S. Geol. Survey No. 3, p. 9. 

d njid., p. 11. 

«n)id., p. 12. 



70 CORRELATION OF GEOLOGICAL FAUNAS. [bull. 210. 

zone.^ A few feet higher, in the lower part of the rocks out^cropping 
in the Cascadilla Creek gorge,* a faunule was discovered in which 
occurred several well-known Hamilton species, among them — 

Spirifer fimbriatus. 
Pleurotomaria capillaria. 
Ambocoelia tunbonata. 
Modiomorpha complanata. 

Of these only Amboadia belongs to the dominant Tropidoleptus 
faunal list. 

Above all these appears the typical Ithaca fauna, which now may 
be called the Productella speciosa fauna, from the species of Produc- 
tella which is characteristic of this horizon in a number of stations 
examined and does not appear to have occurred earlier, while higher 
up it is represented by such forms as Productella lachrymosa and 
its varieties. The ^^ Spirifer mesicosialis^' associated with it in the 
fauna at Ithaca ^ was, at the time of writing the report, regarded as 
an early form of the species so named, then regarded as a Chemung 
species. This common Ithaca form is now called Spirifer penncdus 
var. posterus,^ 

In the report^ quoted I called attention to the fact that the Ithaca 
fauna, with this Spirifer as a characteristic, occurred below the 
Chemung and was a fauna more closely related to the Hamilton than 
to the Chemung: 

This fauna is the regular successor of the Hamilton fauna, and is intermediate 
between it and that of the Chemung group. It appears to have come in from the 
east. It prevailed during the deposition of two to three hundred feet of arena- 
ceous shales; the coral sandstone fauna came in before its maximum development. 
At the close of its occupation of this area a dark, fissile shale with a Discina 
fauna came in. This I believe to be another outlier of the Q^nesee shale condi- 
tions, whose center at this time must have been toward the western part of the 
State. 

Since writing that report the new facts regarding the range of 
species east of the Cayuga Lake meridian have led to a recognition of 
the actual presence of a large part of the Tropidoleptus carinatus fauna 
in the sediments farther east, which are shown to be the stratigraphical 
equivalents of these beds at Ithaca. This fact establishes the varia- 
tional nature of the differences marking many of the Ithaca forms 
when compared with typical Hamilton species. Sufficient facts are 
present to show a gradation from typical Spirifer {mucronatus) pen- 
natus of the eastern counties to Spirifer pennatus var. posterns f 
of this western extension, and many of the species going under the 
same names show some local peculiarities which are sufficient to 

a Bull. U. S. Geol. Survey No. 3, p. 14. 

^Ibid., p. 15. 

cibid., p. 17. 

d Palaeontology New York, Vol. VIII, Part II, p. 36, pi. 34, 1895. 

cBull. U. S. Geol. Survey No. 3, p. 30. 

/ Paleontology New York, Vol. VIII, Part II, p. 361, figs. 27-31, PI. XXXIV. 
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enable one familiar with the fossils to distinguish the Ithaca varieties 
from the typical Hamilton species. 

FAUNA OF EASTERN EXTENSION OF PORTAGE FORMATION. 

The identification of the Portage formation in eastern New York 
and Pennsylvania is fairly satisfactor^nn case the identification refers 
to a recognition of the formation in its eastern extension, irrespective 
of exact equivalency of faunas or likeness of sediments. But in the 
eastern counties neither is it stratigraphically clearly to be distin- 
guished from lower or higher strata, nor does it contain in its fauna 
any characteristic species of the Ithaca expression of the lower Port- 
age formation. Nevertheless, the identification of the strata as the 
outcroppings of the same rocks which farther west are distinguished, 
both lithologically anid paleontologically, as lower Portage is well 
demonstrated ; and the assignment on a geological map of the Portage 
color to the region from which the 15 reported faunules came is 
defensible, if it be granted that the same formation name may be 
applied to strata of which the contemporaneous sedimentation can be 
established, although their lithological and paleontological characters 
are different. 

I take this case from the region holding the typical Hamilton for- 
mation, with its Tropidoleptus carinatus fauna, to illustrate a phase 
of a fauna which is, without question, directly descended from the 
typical Tropidoleptus fauna, but is certainly younger. 

How is such a fauna distinguished? 

(1) The great majority of its species are the same as those of the 
typical Tropidoleptus carinatus fauna below. 

(2) The few distinctive species never appear at the lower horizon, 
but they are frequent above, and first appear at a like horizon over 
considerable area; and 

(3) They are more prominent in frequency of individuals where the 
characteristic species of the Tropidoleptus carinatus fauna are deficient. 

In the 15 faunule lists of this group given by Prosser, 41 species are 
positively identified. 

Of these 41 species, 34 are recurrent species, and among the domi- 
nant species of the Portage fauna occur five species and two varie- 
ties of the Tropidoleptus fauna. 

Of the standard Tropidoleptus carinatiis list, six species are reported 
the number of times, out of a possible 15 localities, indicated by the 
figures in the following list: 

Table X. — Recurrent species of the Tropidoleptus fauna in the Portage formation. 

Tropidoleptus carinatus _ _ 8 

Nucula corbulif ormis -.- 3 

Palaeoneilo constricta 3 

Nuculites oblongatus _ 3 

Phacops rana _ _ 1 

Spirifer (mucronatus) pennatns. _ _ _ ^ 
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The form Spirifer pennatus var. posterus is reported eight times, 
thus indicating the unmistakable mutation of ^^ pennqtus^^ into the 
new variety. 

Below is the list of forms characteristic of the Portage formation : 

Table XI. — Characteristic Portage species. 

m 

1. Spirifer pennatus var. posterus ( = S. mesicostalis, first var. ) 8 

2. Spirifer mesistrialis 7 

8. Modiomorpha subalata var. chemungensis 6 

4. Leiorhynchus mesicostale 6 

5. Rhynchonella stephani - . . 4 

6. Prothyris lanceolata . . - 2 

7. PalsBoneilo filosa . . 1 

Putting these two lists together, it will be seen that the character- 
istic Portage species dominate over the recurrent Hamilton species of 
the older fauna. Tropidoleptus still retains its conspicuous place in 
the fauna, its bionic value being eight-fifteenths, or 50 per cent. In 
the Ithaca region this species does not occur in the Portage forma- 
tion, but all the above characteristic species are present, and have 
high bionic values, with the exception of Prothyris lanceolata, which 
is a rare form. 

The dominant species of the fauna of the Portage zone in the east- 
ern counties at 15 localities, with their approximate bionic values, are 
shown in the followiog table: 

Table XII. — Dominant species of the Portage zone in eastern New York. 

1. Paracyclas lirata 12 

2. Tropidoleptus carinatus . 8 

3. Spirifer pennatus var. posterus 8 

4. Actlnopteria boydi 8 

5. Spirifer mesistrialis _ 7 

6. Palseoneilo emarginata _ . : _ 7 

7. Leiorhynchus mesicostale __ 6 

8. Modiomorpha subalata var. chemungensis 6 

9. Leda diversa 6 

10. Chonetes setigerus - - . 5 

11. Rhynchonella stephani 4 

Study of these lists shows that this fauna of the Portage zone in the 
eastern counties is still strong in recurrent species of the typical 
Hamilton formation of that region, viz, the Tropidoleptus fauna, so 
that the former might be called the Posterus subfauna of the Tropido- 
leptus fauna; still it has characteristics of its own, clearly indicating 
its later age and its equivalency with the more distinct lower Portage 
fauna of Ithaca. 
These characteristics may be formulated in the following way: 
(1) The majority of the species (34 out of a total 41 listed) are 
recurrent species. 
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(2) Its dominant list of 11 species includes but one of the dominant 
list of the Hamilton formation. 

(3) In the dominant list occur five characteristic species not found 
in the formations below, and two of the five are recognized mutants 
of earlier species. 

FAUNA OF ITHACA FORMATION AS EXPRESSED IN THE TYPICAL 

LOCALITY AT ITHACA, N. Y. 

In the bulletin referred to^ the faunas directly following the Gene- 
see shale in the Ithaca region were fully analyzed into distinct sub- 
faunas, and in later papers the extension of these sub faunas to their 
prevalent common faunas to the east and west was traced. The 
recurrence of Hamilton species was also there distinctly recog- 
nized in a small faunule occurring in the lower part of the Cascadilla 
Creek gorge (station No. 14 K.). The University quarry (station 5) 
and the ''inclined plane" section on South Hill and outcrops in Fall 
Creek and Cascadilla Creek were examined, and the lists of species 
were reported at that time as containing the typical "Ithaca fauna." 
After the publication (1884) of the bulletin many additional species 
were collected by my students and m3^self , which were added to the 
collections in Cornell University. Some twelve years later Dr. E. M. 
Kindle (then a student in Cornell University) made an exhaustive 
study of the Ithaca fauna, and to illustrate this particular fauna put 
together in a valuable memoir all the statistics then in hand. This 
was published in 1896,* and for the purpose of the present discussion 
this paper by Dr. Kindle contains by far the best set of statistics in 
sight. 

Ten sections within a few miles of the head of Cayuga Lake, situ- 
ated in the town of Ithaca and in the immediate neighborhood, fur- 
nish the statistics. The number of stations is 54. These range 
through a thickness of 260 feet stratigraphically. I have tabulated 
the species for the purpose of determining their relative values in 
relation to frequency of discovery in the 54 stations examined. 

In all the collections gathered, 84 species were positively identified, 
specifically, by Dr. Kindle. Of the species so recognized, 33 are 
reported also from the Hamilton of the eastern counties (Prosser), 
and 31 from the underl3ang Hamilton of the Cayuga Lake section 
(Cleland). 

The stations are not uniformly distributed through the sections, 
and some of the sections contain over ten stations, while others con- 
tain but two or three. They are the chief f ossilif erous outcrops of the 
region, presented by ravines, quarries, and occasional outcrops on the 
steep hillsides about Ithaca. They do not, however, present as com- 



aBuU. U. S. Geol. Survey No. 3. 

^The relation of the fauna of the Ithaca group to the fauna of the Portage and Chemung, by- 
Edward M. Kindle: Bull. Am. Pal., No. 6, Dec. 25, 1896. Ithaca. 
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plete and thorough an analysis of the faunal contents of the Ithaca 
formation as we have of the Hamilton formation in Mr. Grabau's 
analj^sis of Eighteenmile Creek, or in Dr. Cleland's analysis of the 
Cayuga Lake section. In both of the latter cases the rocks are exposed 
in continuous sections from bottom to top, and each zone is open for 
inspection over considerable horizontal space. Nevertheless, Dr. 
Kindle's analysis of the faunal contents of the Ithaca formation is 
more complete than anything else published, and it presents statistics 
from which a fair idea of the bionic values of the species composing 
the faunas may be estimated. 

The dominant species of the fauna are the following, the figures 
indicating the frequency of occurrence of the species in the 54 fau- 
nules analyzed : 

Table XIII. — Productella speciosa fauna: Dominant species of the Ithaca 

formation at Ithaca, N. Y, 

1. Spirifer pennatus var. posterus : 35 

2. Productella speciosa : _ . j _ . 25 

3. Modiomorpha snbalata var. chemungensis 25 

4. Chonetes scitnlus _ 24 

5. Cyrtina hamiltonensis 23 

6. PalsBoneilo filosa _ 21 

7. Camarotcechia eximia and stephani _ _ 21 

8. Atrypa reticularis 20 

9. Stropheodonta mucronata : 19 

10. Actinopteria boydi 19 

11. Pleurotomaria capillaria 19 

12. Stictopora meeki 17 

13. Palaeoneilo constricta _ _ 17 

14. Cypricardella bellistriata 15 

15. Spirifer mesistrialis 14 

16. Leiorhynchus mesicostale 14 

17. Grammysia subarcuata 14 

18. Orthoceras bebryx var. cayuga 14 

19. Ambocoelia umbonata. _ 13 

This may be considered as a standard list of the fauna of the Ithaca 
formation. Three points must be noted, however: (1) Several char- 
acteristic species of the Ithaca formation are not in this list, because 
they do not occur as frequently as all these other species; (2) a large 
proportion of this standard list is made up of common Hamilton spe- 
cies (i. e., species of the standard Tropidoleptus carinatus fauna); 
(3) the species which are peculiar and dominant are closely related 
to species of the Tropidoleptiis carinatus fauna.- It will be noticed, 
however, that not a single one of the dominant species of the Tropi- 
dolsptus carinatus fauna appears until we reach the thirteenth species 
in this list; and among these 19 dominant species of the typical 
Ithaca formation only two species of the dominant Tropidoleptus 
fauna are present, i. e., PalczoneHo constricta and Ambocodia umbo- 
nata. 
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Before further discussing this list it may be well to present the list 
of dominant species of the eastern region where the underlying 
Hamilton formation contains the standard Tropidoleptus carinatus 
fauna, above which the sedimentation w^as continuous. It may be 
inferred that the latter fauna was not driven out from this eastern 
region, but lived on continuously, suffering only genetic evolution, 
uncomplicated hy the effects of shifting its habitation. The distribu- 
tional values of the species will be furnished by the statistics of the 
eastern f aunules. 

Analysis of the statistics gathered by Professor Prosser in the east- 
ern counties of New York* shows a larger number of species in the 
formation than is reported by Kindle. This increase is probably 
due to the wider area examined, presenting, undoubtedly, local dif- 
ferences in original environmental conditions. The localities from 
which the faunas of the Ithaca formation are reported by Prosser are 
67 in number, and are distributed from Smyrna, Chenango County, 
through Chenango, Otsego, Delaware, and Schoharie counties. 

The faunules contain 100 species. Of these, 78, or over three-quar- 
ters, occur also in the standard Tropidoleptus fauna. All the 12 
species of the dominant list of the Tropidoleptus fauna occur also in 
the faunules of the Ithaca formation. These 12 species, arranged in 
the order of their distributional dominance in the Ithaca formation, 
are shown in Table XIV, the first column representing collections 
from 67 localities, the second, collections from 14 localities. 

Table XTV. — Productella spedosa fauna: Twelve dominant species of the Tropi- 
doleptus fauna found also in the Ithaca formation of the eastern counties of 
New York, 

[The starred species occur also in the Portage formation.]. 



1. Spirif er pennatns 

*2. Tropidoleptus carinatus 

3. Nucula bellistriata 

*4. Palseoneilo constricta .. 
*5. Nuculites oblongatus . . 

*6. Phacops rana 

*7. Nucula corbulifonnis . . 

8. Ambocoelia umbonata.. 

9. Athyris spiriferoides - . . 
10. Nuculites triqueter 

*11. Spirif er granulosus 

12. Ohonetes coronatus 
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a Classification and distribution of the Hamilton and Chemung series of central and eastern 
New York, Part 1, by C. S. Prosser: Fifteenth Ann. Rept. State Geologist New York, 1895, pp. 
87-225. 

Idem, Part 2: Seventeenth Ann. Rept. State Geologist New York, 1900, pp. «7-327. 



76 CORRELATION OF GEOLOGICAL FAUNAS. [■m.L.glO. 

The first 2 species of Table XIV arc still dominant in the fau- 
niile a^regate, but the other 10 species of the list have lost their 
preeminence and are replaced by other species. 

This fact will be better appreciated by examination of the list of 
species having highest distributional and abundance values in the 
Ithaca faunnles. Table XV, representing collections from 67 locali- 
ties, shows the dominant species of the eastern extension of the Ithaca 
formation. Comparison of Tables XIV and XV will show how com- 
pletely the dominant species of the Tropidoleptas carinalus t'anna 
(excepting the two chief species) have lost their supremacy in the 
fauna, the highest frequency value of the last 10 species of Table XIV 
appearing far below the twelfth in rank of the dominant list: 



1 . Spirif er mesistrialis 

2. S. peimatns . 

3. TropidoleptUH cBrinatna ___ 

4. CamarottEchla eximia 

B. ChcpneteB setigerua .__ 

6. Paracyclaa lirata 

7. ChoneteH scitulna 

8. Leiorhynchns mesicostale . 

9. Actinopteria boydi 

10. Camarotcecbia stepbani . 

11. PaliBoneilo emarginata 

12. Cyprieardplla gregaria 



In the first column of Table XV is given the number of positively 
identified ocemrenees in 67 analyzed faunules. In the second column 
are the additional times in which the identifications are marked as 
doubtful. The flgnres in the third column indicate the number of 
cases in which the species is marked abundant or common in the 
faunule analyzed. 

In the case of Spirifer mesistrialis the species most readily confused 
with it is S. gramdostis. That species is recorded twice positively, 
with 4 questionable identifications. 

Spirifer pennatiis maj' be confused with S. pennatus var, posterns, 
of which 1 doubtful case is recorded, and with S. mesicosfalis, of which 
2 positive and 4 doubtful identifications occur. In 4 of the faunules 
in which the latter species is mentioned it is common or abundant. 

PRODUCTELLA SPECIOSA FAUNA. 

In the 67 faunules examined in this eastern region ProducteUa 
spedosa occurs but once positively, and four times it is reported with 
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doubtful specific identification, and only one other case of a Produc- 
teUa is reported. This suggests, in connection with its standing 
second in dominance in the list for the Ithaca formation at Ithaca, 
that the immigration of the fauna was from the west, and that it had 
not so strongly occupied the eastern area as that of central New York 
at this horizon. 

Analysis of this list shows that two of the dominant species of the 
Tropidoleptus fauna are still dominant, but the other species of the 
list have dropped out. Among the species of the list which occur in 
the Tropidoleptus fauna, but are there rare, are Actinopteria hoydi 
and Paracyclas Virata. These, though frequent in the faunules occur- 
ring east of Fulton, Schoharie County, are rare in the Hamilton for- 
mation west of that point. CypricardeUa gregaria, though occa- 
sional, is veiy rare in the eastern Hamilton faunules. Another 
species of the genus, (7. bellistriata, is common in the Hamilton for- 
mation. 

It is evident, therefore, upon purely paleontological grounds, that 
this fauna, classified as of the Ithaca formation, is distinct from and 
later than the Tropidoleptus fauna of the Hamilton formation, and 
this is evident in spite of the fact that it contains all of the 12 domi- 
nant species of the latter fauna. The discrimination between the two 
is based upon a change in the bionic values of the dominant species 
and upon the introduction of new species or varieties which are either 
rare or wanting in the typical Tropidoleptus fauna. 

The correctness of this interpretation is further supported by the 
presence of species entirely wanting in the underlying Hamilton for- 
mation of the region, but present in the Ithaca formation at its typ- 
ical expression in Tompkins County. 

Table XVI is compile^ from the statistics reported by Prosser in 
the papers already referred to : 



Table XVI. — Productella spedosa fauna: Twenty-one species characteristic of 
the Ithaca formation of eastern New York and Pennsylvania not occurring in 
the Tropidoleptus fauna. 

[The starred species are dominant at Ithaca.] 



* 1. Camarotoechia stephani. 

* 2. C. eximid. 

3. Cryptonella eudora. 

* 4. Leiorhynchus mesicostale. 

5. Orbiculoidea media. 

6. O. neglecta. 

* 7. Productella 8i)eciosa. 

* 8. Spirifer mesistrialis. 

* 9. S. pennatus var. posterns. 

10. Actinopteria perstrialis. 

11. A. theta. 



12. Grammy sia elliptica. 

13. G. globosa. 

14. G. nodocostata. 

15. Leda brevirostris. 

16. Lunnlicardinm omatns. 

*17. Modiomorpha snbalata var. che- 
mnngensis. 

18. Prothyris lanceolata. 

19. Pterinopecten snborbicnlaris. 

20. Schizodus ellipticns. 

21. Coleolns acicnlnm. 



Of these 21 species not in the Tropidoleptus fauna G appear also 
in the Portage list. 
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All the 12 most dominant species of the Tropidoleptus fauna are 
present, as has already been mentioned, and besides more than 
three-quarters (xW) ^^ the total listed species are of the Tropido- 
leptus fauna. Seven of the 21 species not in the Hamilton below 
are among the dominant species of the fauna of the typical Ithaca 
formation at Ithaca. They are starred in Table XVI. Three other 
species, together with the 7 just mentioned, occur in the typical 
Ithaca and in the formation identified as Ithaca in the eastern coun- 
ties. These three sj)ecies are : 

Cryptonella eudora. 
Grammysia elliptica. 
Actinopteria perstrialis. 

IMMIGRANT SPECIES OF ITHACA FORMATION. 

Among the species appearing for the first time in the strata of this 
region, distinct affinities with the lowan and related faunas are evi- 
dent. Examples are: 

Prodnctella hallana, 
Pugnax pugnus, and 
Spirifer (Reticularia) laevis. 

The common ProducteUa speciosa may belong to the same group, 
though it is possible that this is a ease of direct evolution from Pro- 
ductella spinuHcosta of the Hamilton formation. RTiynchonella venits- 
tula {=Hypothyris ciiboules) of the Tully limestone is a still earlier 
immigrant, as was shown in a paper on the Cuboides zone." 

Orthis (Schizophoria) tuUiensis is another closely related to Orthis 
impressa of the Ithaca zone, and believed to be a variety of Schizo- 
phoria striaiula (Schlotheim). The Goniatites are associated with the 
western typical Portage fauna, rather than vith the Hamilton fauna, 
which was restricted farther east at the time of deposition of the Ithaca 
beds. This may indicate immigration, but the case is not clear from 
the evidence now before us. The Cardiolas of the Portage group at 
Ithaca and farther west in the Genesee Valley are immigrants, and 
represent the wider fauna of Europe, but, so far as known, the pres- 
ent faunas of Iowa do not contain this genus (i. e., Glyptocardia). 

The High Point fauna (as given in full by Dr. J. M: Clarke) * con- 
tains still further traces of the western Iowa Devonian fauna. 

The lower appearance of this fauna is indicated about Ithaca in the 
Ithaca formation, in which no trace of Spirifer disjunctus has been 
discovered; but in the High Point station at Naples that characteristic 
Chemung species is reported by Dr. Clarke, although I had not seen 
it when writing up the list reported in 1883. 

The f aunule of the High Point station exhibits its characteristics, but 

_ ^ _ _ _____ 

a The Cuboides zone and its fauna: a discussion of methods of correlation: Bull. Q^ol. See. Am., 
Vol. 1, 1890, pp. 481^501. 

b On the higher Devonian faunas of Ontario County, N. Y., by J. M. Clarke (chapter on fauna 
of Chemung beds at High Point, pp. 72, etc.): Bull. U. S. Geol. Survey No. 16, 1885; see also 
Am. Jour. Sci., 3d series, Vol. XXV, Feb., 1883. 
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as traces of the species occur at several points in the strata earlier and 
farther eastward, it is evident that the eastern migration began as 
early as the Tully limestone depression, which, for the region in which 
it is represented by a limestone, terminated the pure Tropidoleptus 
fauna. 

The full list of High Point is given in Dr. Clarke's paper (see fore- 
going footnote), and the following species there listed are also 
reported from the Iowa Devonian. 

Table XVII. — The Pugnax pugnus fauna of High Point, Neio York, 

Cainarotoechia contracta var. saxatilis. Schizophoria iowensis. 

Pugnax pugmis. Dalmanella inf era. 

Atrypa reticularis. Orthothetes chemungensis. 

A. hystrix. Strophonella reversa. 

Spirifer orestes. Stropheodonta calvini. 

S. hungerfordi. S. variabilis. 

S. bimesialis. S. canace. 

S. subattenuatus. S. arcuata. 

Productella (dissiinilis) hallana. Fistulipora occidens. 

These facts leave no doubt as to an intimate affinity existing 
between the High Point and associated faunas of New York and the 
Iowa Devonian fauna, as was claimed when I first called attention 
to the High Point fauna in 1883.« 

These species, common to the Iowa and New York faunule, may be 
regarded as characteristic species of this Pugnax pugnus fauna. The 
fauna is mingled with the Tropidoleptus cariuafus fauna to form 
the aggregate of the Ithaca formation. But at Ithaca it is not so 
strongl}'^ represented as at the High Point locality at the south end of 
• Canandaigua Lake, in Ontario County. 

The study of the relations of the Cuboides fauna to a world-wide 
distribution led to the conception that affinities expressed by faunas 
may be due to migration rather than to direct evolution of the preva- 
lent fauna living in the region. This idea was set forth in the paper 
on the Cuboides fauna.* 

The observation that the Devonian faunas of Iowa are more 
closely akin to those of the Mackenzie River Valley and of Europe, and 
the fact that the faunas reported from South America are more closely 
akin to the faunas of the New York Hamilton than to the Euro- 
pean Devonian faunas, furnished the third clue to the interpreta- 
tion of faunal history, viz, long periods of uniformity in the general 
geographical condition of the earth's surface have determined the 
local characteristics of the marine faunas, and a change in the fauna 
of a local province may indicate important geological changes involv- 

«0n a remarkable fauna at the base of the Chemung group in New York: Am. Jour. Sci., 3d 
series, Vol. XXV; 1883, p. 97. 

b The Cuboides zone and its fauna; a discussion of methods of congelation: Bull. Geol. Soc. Am., 
Vol. 1, 1890, pp. 481-500. 
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ing the geography of wide areas of surface. This was indicated in 
the paper written in 1802.^ 

The list made by Dr. Kindle from the typical Ithaca formation 
contains 84 species, specifically identified. Of these, 47 are not 
recorded for the eastern Hamilton stations reported by Prosser, and 
2 only of these 47 species are in the Cleland list of Cayuga Lake 
Hamilton, or in the Eighteenmile Creek Hamilton faunal list given by 
Grabau. Thus there are 45 species, or more than half of the species 
listed, which are specifically distinct from the species of the 
Tropidoleptus fauna. 

The other half of the Ithaca faunal list is composed of species 
belonging to the Tropidoleptus carinatus fauna of the Hamilton for- 
mation of the general region. About half of the peculiar species is 
represented by closely related species in the Tropidoleptus fauna, 
and therefore it may be assumed that three-quarters of the fauna of 
the Ithaca formation is derived by evolution directly from the Tropi- 
doleptus fauna. The other quarter may be derived by migration 
from a more distant source. 

In both cases of origin, however, it will be noted that varietal modi- 
fications have taken place. Enough mutation occurred to furnish 
a list of over 40 species to characterize the Ithaca formation, as it 
occurs in the column of central New York. 

Of the species peculiar to the fauna of the Ithaca formation, only 13 
are reported in tlie eastern counties at any horizon, from the Hamil- 
ton proper up to the departure of the marine species with the sedi- 
ments of the red Catskill shales and sandstones. 

It will be noted also, by examination of the lists already given that 
5 out of the 10 most dominant species of the Ithaca list are Hamilton 
species — i. e., they belong to the Tropidoleptus fauna, and 10 of the 
most abundant 18 species are Hamilton, all of which are recorded 
from 13 to 24 times among the 54 lots analyzed. 

It is evident from this last observation that the old fauna which 
had spread over the Ithaca region during the sedimentation of the 
Ithaca formation has a preponderance of species belonging to the 
Tropidoleptus fauna, both in the number of species and in domi- 
nance of the species in the fauna. If it were far enough removed from 
the Hamilton formation to make correlation by stratigraphical evi- 
dence impossible, the faunal characteristics would lead to its associa- 
tion with the Hamilton, as a stratigraphically equivalent formation 
whose fauna was modified by change of conditions of environment, 
whereas the facts now before us leave no doubt as to its actual suc- 
cession above the other formation. 

The comparison of the Ithaca fauna with the fauna belonging to 
the eastern extension of the same formation shows that the Tropido- 



«The scope of paleontology and its value to geologists: Proc. Am. Assoc. Adv. Sci., Vol. XLI, 
pp. 149-170. 
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leptus fauna is dominant to a greater degree in the eastern counties 
than at Ithaca, not only for the particular part of the column in 
which the Ithaca fauna is abundant, but all the waj' upward so long 
as a marine fauna is present in the rocks of the region. On the other 
hand, very few species characteristic of the Ithaca formation (though 
enough to mark the horizon), reach into the extreme eastern part of 
the New York area. Following the strata farther westward it is 
found that in the Genesee River Valley the fauna so abundant in the 
Ithaca formation is entirely wanting, and is there replaced by the 
sparse Cardiola fauna of the Portage formation of that region. 

MUTATION AND CORRELATION OF THE FAUNAS. 

This critical examination of the typical fauna of the Ithaca forma- 
tion at Ithaca and its representatives at corresponding horizons east 
of Ithaca demonstrates some important facts regarding the mutation 
and correlation of fossil faunas. 

(1) The Tropidoleptus fauna, belonging, typically, to the Hamilton 
formation, and in western New York known to cease entirely with the 
Genesee shale or at a corresponding horizon, appears in eastern New 
York with its dominant species still prominent at a horizon much 
higher stratigraphically. 

(2) Above the Genesee shale, in the meridian of Cayuga Lake, a 
fauna (the Productella speciosa fauna) appears with many of the 
dominant species of the Tropidoleptits fauna, but with other species 
characteristic of the Ithaca formation. 

(3) Eastward from Cayuga Lake, at the stratigraphical place in the 
sections corresponding to the Ithaca formation, the characteristic 
species of the Productella speciosa fauna become more infrequent, 
while at the same time the Tropidoleptus fauna increases in domi- 
nance. 

(4) Westward from Ithaca the Productella speciosa fauna is trace- 
able a few miles only, and disappears before reaching the Genesee 
Valley, where it is replaced by the Cardiola fauna of the Portage. 

This series of facts demonstrates another general law of the history 
of organisms, as expressed by the range of species, viz : 

(5) The stratigraphical horizon of the incursion of new species into 
a region may be sharply recognized long before the common fauna of 
the region is dispersed or dies out. 

(6) The characteristic species of the Productella speciosa fauna of 
the Ithaca formation as it occurs at Ithaca are present and dominant 
in these eastern counties of the State, although the Tropidoleptus fauna 
still constitutes 75 per cent of the fauna and is represented by all its 
most characteristic species. 

(7) If the composition of the faunules still higher up in the eastern 
counties be examined, it will be found that this same Tropidoleptus 

Bull. 210—03 6 
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but it is reported in the typical Chemung fauna on the following page, 
as found at Chemung Narrows, and is conspicuous in the more char- 
acteristic Chemung faunules of the western part of the State. 

Another basis for estimating the dominant characteristics of the 
fauna of the Chemung formation is found in the statistics published 
in Bulletin 41, U. S. Geological Survey.* 

In this bulletin lists of the species were tabulated primarily to 
indicate the composition of the local and temporary faunules. Thirty- 
seven such Chemung faunules are analyzed. The value of clearly 
distinguishing the geographical from the geological modification 
of the faunules was not fully appreciated when the bulletin was 
written. As the investigations have progressed, however, it has 
become clear that modification of a general fauna, coincident with a 
few miles of separation in space, geographically, may be as great as, 
or even greater than, the modification coincident with passage upward 
stratigraphically through tens or even hundreds of feet of sediments. 
These two kinds of bionic value (geographical and geological) are not 
so sharply distinguished in Bulletin 41 as they might be, but the statis- 
tics there given will serve for estimating the general bionic values of 
the constituent species of the fauna. These values are not generally 
evident in the descriptive reports of the individual spe<;ies concerned, 
and particular attention to collecting the evidence must be given, 
both in the field and when the collections of fossils are analysed in 
the laboratory, in order to exhibit the bionic values of the species of 
the fauna. 

Difficulties in the way of preparing an exact list of the dominant 
species of the Spirifer dlsjunctus fauna arise from still another source. 
Many of the species of this fauna are in a variable condition, and the 
separate faunules present strong contrasts in the particular aggrega- 
tion of species making up the faunules, which call for still fuller 
investigation. This plasticity of the fauna is what might be expected 
on the theory of its origin in the New York province by immigration. 
The various elements of the fauna were occupying new territory (or 
aquitory, we might more properly say), and were struggling into a 
new adjustment of equilibrium among themselves and in their new 
environment. The more vigorous the species were the more plastic 
we may suppose them to have been. However the facts may be 
theoretically explained, it is noticeable that many of the species 
of both the Ithaca and Chemung formations are in a remarkably 
variable condition. 

The spirifers, the productellas, the orthids, the rhynchonellas, the 
pterineas, and aviculoids in general, which constitute the larger part 
of any good sample of the Spirifer dlsjunctus fauna, are so vari- 
able that two authors will almost certainly disagree in naming the 
species of any particular lot of fossils, and even the ablest paleon- 
tologist will differ in his own distribution of the specimens among the 



a On the fossil faunas of the Upper Devonian— the Genesee section, New York. 
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species at different times, according to the order in which he happens 
to take them up for study. In Schuchert's list" there are 15 species 
of Productella recognized as belonging to the Ghemung fauna. Spiri- 
f ers of the three types — disjunctus, mesicostalis, and m€sisirialis—a,re 
present and each type is widely variable. The rhjmchonellas of the 
contracta, sappho, and eximia types are all very variable, the last 
appearing more conspicuously below and the others higher; but 
between the several species named frequent intermediate forms are 
found which it is difficult to determine specifically. Chonetes sdtuLus 
and Chonetes setigera are extremely difficult to discriminate. A foot- 
note to Plate VI, J., of Hall and Clarke's revision of the Brachiopoda, 
contains the following statement about the orthids: 

The species of Orthi8=Schizophoria, described as O. propinqua, O. tulliensis, 
O. impressa, O. iowensis, and O. macfarlanii, present so many features in com- 
mon that further study and comparison should be given them to determine the 
actual value of the characters on which the specific distinction has been based, 
and whether these differences coincide with their geological relations. 

These remarks will suggest an explanation for some of the differ- 
ences observed in the lists of Chemung fossils reported by different 
authors. Nevertheless, it seems reasonable to rely on the value of 
frequency of appearance in recorded lists (made by the same author) 
of the species of separate faunules as evidence of a corresponding 
frequency of the species in the actual faunules. 

In the following table the statistics reported for the Genesee Vallej^ 
faunules are given. In this case the failure to mention the less com- 
mon species in every faunule list arose from the fact that the chief 
purpose of the report as made was to distinguish the successive zones 
into which the fauna was divisible. The lists are sufficient, however, 
to indicate the dominant species. 



Table XIX. — Spirifer disjunctus fauna: Dominant species of the fauna as it 

occurs in the Qenesee Valley section. 



Species. 


Thirty- 
seven 
locali- 
ties. 


Species. 


Thirty- 
seven 
locali- 
ties. 


1. Snirifer disiunctus 


24 

16 

12 

10 

9 

7 


7 . Productella lachryrn osa and 
vars - 




2. Camarotoechia contracta and 


21 


var .. --- 


8. Ambocoelia umbonata 

9. Sphenotus contractus 

10. Chonetes scitulus 


7 


3. Athyris angelica 

4. Orthothetes chemungensis 


7 
7 


5. Delthyris mesicostalis 


11. Mytilarca chemungensis 

12. Grammy sia communis 


6 


6. Schizophoria striatula impressa 


4 



A list of the species of the Chemung formation of Chautauqua 
County (prepared by G. D. Harris in 1887), indicating the dominant 



a A synopsis of American fossil Bi*achiopoda, including bibliogi-aphy and synonymy: Bull. 
U. S. Qteol. Survey No. 87, 1897, pp. 1-464. 
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species in each fauniile, shows the following species to be dominant 
in approximately the order in which they are listed below : 

Table XX. — Spirifer disfunctus fauna: Dominant species of the Chautauqiui 

County faunules. 



1. Oamarotoechia contracta. 

2. Spirifer disjunctus. 

3. Ambocoelia gregaria. 

4. Oamarotoechia duplicata. 

5. Dalmanella leonensis. 

6. Chonetes scitulus. 



7. Prodnctella hystricula. 

8. Athyris angelica. 

9. A. polita. 

10. Prodnctella lachrymosa. 

11. PalsBoneilo constncta. 

12. Orthothetes chemnngensis. 



Examination of these lists in respect to the less common but char- 
acteristic species brings out some peculiarities in geographical distri- 
bution which should be here indicated. Orthids of the SchizopJwria 
type, like impressa and tioga^ are more conspicuous in the eastern 
than in the western f aunules of the State, and in range they are con- 
spicuous in the lower rather than in the higher portions of the sec- 
tions. Spirifer mesistrialis is less conspicuous in the western than 
in the middle and eastern part of the State, where it appears as low 
as the Ithaca formation. Delthyris mesicostalis of the characteristic 
form is conspicuous in the Genesee Valley faunules of the Chemung, 
but is infrequent in the Chautauqua County sections. CartiarotcBchia 
contracta and C. duplicata and Athyris angelica and A, polita are of 
frequent occurrence in the purer Chemung faunas of the western part 
of the State and become less conspicuous in the eastern faunules. 

When the attempt is made to construct a standard list of dominant 
species of the Spirifer disjunctus fauna, after the first half dozen com- 
mon species, there is a much larger number of species which are domi- 
nant in some part of the region, or in some part of the formation, 
though not characteristic of all the formation or of the whole area of 
western New York alone. 

From the statistics now in hand we may form the following stand- 
ard list of dominant species of the fauna, which may be divided into 
three parts: (1) The first six species are dominant throughout western 
New York localities, and, stratigraphically, throughout the successive 
zones of the formation; (2) the species numbered 7 to 11 are more 
dominant in the eastern localities in middle New York; while (3) the 
remaining species numbered 12-20 are more common in the western 
counties of the State. 

Table XXI,— Spirifer disjunctus fauna: Standard list of dominant species of 
the Spirifer disjunctus fauna for the New York province. 

1. Spirifer disjnnctns. 11. Atrypa spinosa hystrix. 

2. Oamarotoechia contracta. 12. Orthis (Schizophoria) impressa. 

3. Ambocoelia umbonata. 13. Athyris angelica and polita. 

4. Orthothetes chemnngensis. 14. Sphenotns contractus. 

5. Prodnctella lachrymosa and vars. 15. Mytilarca chemnngensis. 

6. Delthyris mesicostalis. 16. Grammysia communis. 

7. Spirifer mesistrialis. 17. Chonetes scitnlns. 

8. Orthis (Schizophoria) tioga. 18. Oamarotoechia duplicata. 

9. O. (S.) carinata. 19. Dalmanella leonensis. 
10. Pterinea chemnngensis. 20. PaJaeoneilo constricta. 
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Another method of determining the constitution of the Spirifer 
disjunctus fauna from statistics already gathered is that of analyzing 
a set of faunal lists, all of which contain Sjnrifer disQunctus. In this 
way the strict associates of that species will be given. 

As a convenient set of statistics (for this purpose) the fauna as 
reported in Bulletin 41, for the Genesee section in western New 
York may be taken. 

Of these faunules there are 16 containing Spirifer di^unctus. In 
the following table are listed the more frequent associates of that 
species. The number in the right-hand column indicates the number 
of times each species is reported in the 16 faunules. 

Table XXII. — The Spirifer disjunctus fauna ^ with its more dominant associates, 

as represented in the Oenesee section. 



1. Spirifer disjnnctus _ - 16 

2. Camarotoechia contracta •_ . 13 

3. Orthothetes chenmngensis 8 

4. Athyris angelica 8 

5. Chonetes scitulus 7 

6. Productella hirsuta 7 



7. Myfcilarca chemungensis 6 

8. Sphenotus contractus 5 

9. Orthis (Dalmanella) leonensis . _ 4 

10. Orthis (Schizophoria) impressa. 4 

11. Ambocoelia umbonata 4 

12. Prodnctella costatnla 4 



The first 7 species of this list are among the standard forms deter- 
mined by the first method and listed in Table XXI, and all of them 
except the eighth are actually in that group of 20 species, but several 
species obtained by the other method are not mentioned in this list 
simply because, though common species, they did not appear conspic- 
uously in faunules actually containing Spirifer disjunctus, though 
present in the same general fauna to which that species belongs. 

In the original volume describing the brachiopods of the Devonian 
of New York « the following localities are mentioned in which Spirifer 
disjunctus occurs, viz: Elmira, Leon, Painted Post, Factoryville, 
Cayuta Creek, Chemung Narrows, Conewango, Great Valley, Ran- 
dolph, Napoli, New Albion, Chemung, Bath, Angelica, Troupsburg, 
Meadville, Pa., Tweutymile Creek, Ellington, Glean, Covington, Pa. 

From these localities the following species are recorded for the num- 
ber of localities indicated : 

Table XXIIa. — Species listed from same localities ivith Spirifer disjunctus in 

New York reports. 

Camarotoechia contracta , _ _ _ 10 

Orthothetes chemungensis. 3 

Athyris angelica 3 

Productella hirsuta and var 17 

Sphenotus contractus _ . 8 

There are other species mentioned in the published lists, but from 
each locality the number of species is limited, rarely over 20 and 
generally under 10. The collections show in themselves that the con- 
spicuous species were gathered, or perhaps the fine specimens only 



a Palaeontology New York, 'VoV. YT ,\^ . 
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were selected and recorded, the imperfect ones being left and not 
mentioned in the catalogues. Nevertheless, the statistics give a slight 
indication of the prominent associates of Spirifer disjunctus. Among 
the prominent members of the dominant list of the species of the fauna 
it is safe to say that the following species frequently appear, viz: 

Table XXITb. — Conspicuous species of the Spirifer disjunctus fauna. 

Spirifer disjnnctus. 

CamarotcBchia contracta. 

Productella— some one of the forms of the lachrymosa or hirsuta forms and 

markings. 
Orthothetes chemnngensis. 
Athyris angelica. 

Among the spirifers the typiGml Spirifer {DeUhyris) mesicostalis with 
coarse plications and distinct septum does not appear in the Ithaca 
zone, but is common in the Upper Chemung zone. Spirifer mesi- 
strialis is common in the lower Ithaca zone; and in the zone domi- 
nated by the Spirifer disjunctus fauna it is represented by Spirifer 
(Cyrtia) alta or Spirifer marcyi var., but is rarely associated with a 
pure Spirifer disjunctus faunule. 

The common Ithaca spirifer is S, pennatus var. posterus. It is often 
called '*mmcos^aZis," but generally has finer plications and is always 
without distinct septum in the Ithaca zone, thus separating it from 
DeUhyris mesicostalis of the typical Spirifer disjunctus fauna. 

The rhynchonellas {Camarotcechia) show a definite succession of 
species. The Ithaca zone carries C, eximia and stephani, and occa- 
sionallj'^ forms identified as C contracta; but typical C. contracta, with 
the small number of plications, is confined to the higher horizon, and 
runs into the forms called C. orbicularis and C. sappho or (7. alle- 
ghenia in the typical higher Chemung. R, {Pugnax) pugnus is not 
found associated with the Spirifer disjunctus fauna, but is a species 
of the lower Ithaca zone. 

Among the productellas the forms called P. lachrymosa and its 
varieties do net appear in the fauuules till the disjunctus stage is 
reached. They are distinguished by their coarse, large, evenly 
rounded gibbous form. Although these are associated with the finely 
hirsute forms and others marked on the surface like P. speciosa, the 
form which is generally identified as P. speciosa is an earlier form. 

The Ithaca form is characteristically Produ/^tella speciosa, though 
showing some variation ; the small rounded spine bases not drawn out 
so as to be oblong, and the low and pinched or narrow beak, with more 
or less rounded cardinal angles, are conspicuous distinguishing 
features. 

Although the original specimens named P. speciosa appear to have 
come from the western part of the State and a locality holding a typi- 
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cal Chemung fauna, the Ithaca form is characteristic and mucn more 
common and has in the later literatures become the type of that 
species. 

These remarks will serve to express the present knowledge regard- 
ing the actual distinguishing features of the fauna of the typical Che- 
mung formation. The difficulty found in making the definition more 
accurate comes from the great uncertainty as to the precision with 
which the limits of the fauna have been discriminated. 

In many reported Chemung lists of species uncertainty is presented, 
both as to the identification of Spirifer disjunctus and as to the exact 
stratigraphical horizon from which the species came. 

The present paper can therefore go no further in precision of defi- 
nition of this fauna; and attention is here directed to the great need 
of more accurate statistics regarding the individual faunules of the 
upper extension of the marine Devonian faunas. These statistics can 
be obtained by local collectors living in regions of outcrops of Che- 
mung rocks, who will render a service to science by furnishing accu- 
rate lists of the species, with statistics as to the exact locality and 
zone and the relative abundance of the species in each faunule. 

RECURRENCE OF THE TROPIDOLEPTUS FAUNA IN THE EPOCH 

OF THE SPIRIFER DISJUNCTUS FAUNA. 

Report, of a recurrent Hamilton fauna in the midst of the rocks of 
the Ithaca formation was made in Bulletin No. 3 of the U. S. Geo- 
logical Survey, p. 15. 

Mention was made also of Tropidoleptus and other Hamilton species 
occurring in Owego at a horizon high up in the Chemung. The full 
importance of these cases was not appreciated at the time of their first 
announcement. Recently the facts have been stated in detail and 
may be restated here: 

We have positive evidence of a colony of the Tropidoleptus fauna within at 
least 50 feet of the typical horizon of the Chemnng formation in Chemung 
County, and also in the midst of the Chemung, or Spirifer disjunctus, fauna at 
Owego, as I announced in 1884. « 

These evidences of the Tropidoleptus fauna are so clear that if we were to find 
them in an isolated region, we should have no hesitation in calling the forma- 
tion holding them Hamilton, except that a few species of much later age are 
associated with them. 

The typical species of the Tropidoleptus fauna are such as — 

Tropidoleptus carinatus (abundant) . 

Ambocoelia umbonata (abundant). 

Phacops rana (rare, but with several specimens) . 



«Bull. U. S. Geol. Survey No. 3, 1884, p. 24; also Proc. Am. Assoc. Adv. Sci., Vol. XXXIV, 1886, p. 
226. This is the stage A«+ of the Tropidoleptus fauna, called in that jiaper Middle Devonian 
fauna A; also p. 230. 
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It also contains snch characteristic species a6 — 

Spirifer marcyi, and probably S. grannlosns. 

Cypricardella beUistriata. 

Qoniophora hamiltonensis. 

Macrodon hamiltonisB. 

Loxonema delphicola. 

Modiomorpha mytiloides. 

The fannule from Owego, to which I made reference in my x>apers of 1884 and 
1886, was so characteristically Hamiltonian in its species that at that time it was 
difficult to believe that the zone in which it occurred was not out of place. But 
the recent rediscovery of the zone at Waverly by Dr. Kindle, and a comparison of 
the forms, leaves no doubt as to the actual position of the recurrent Hamilton 
faunule in the midst of the Chemung formation. The sx)ecies of this faunule are 
given in the following list: 

Table XXIII. — Recurrent Tropidoleptus fauna from Cemetery Hill, Owego, 
Tioga County, on side hill above and southeast of the old Erie station, collected 
by H, S. Williams (U. S, Geological Survey station 1130 A), 



1. Spirifer marcyi var. 


aa<^ 


5 Hamilton. 


2. Ambocoelia umbonata 


aa 


Marcellus-Chemung. 


3. Cypricardella beUistriata 


aa 


Hamilton. 


4. Tropidoleptus carinatus 


c 


Hamilton. 


5. Leiopteria bigsbyi 


c 


Hamilton. 


6. Phacops rana 


r 


Hamilton. 


7. Productella speciosa 


r 


Portage-Chem un g- Kinderhook 


8. Coleolus acicula 


r 


Genesee. 


9. Loxonema delphicola 


r 


Hamilton. 


10. Camarotoechia cf . prolifica 


r 


Marcellus-Hamilton. 


11. Goniophora hamiltonensis 


r 


Hamilton. 


12. Modiomorpha mytiloides 


r 


Hamilton. 


13. Spirifer cf . granulosus 


rr 


Hamilton. 


14. Chonetes setigerus 


rr 


Marcellus- W averly . 


15. C. lepidus 


rr 


Marcellus-Chemung. 


16. Macrodon hamiltoniaB 


rr 


Hamilton. 


17. Lingula sp. 


rr 


• 


18. Pterinea sp. 


rr 




19. Qrammysia sp. 


rr 




20. Palaeoneilo sp. 


rr 




21. Aviculopecten sp. 


rr 





It will be observed that of the 16 species specifically identified, all but 2 are 
Hamilton species. One of the exceptions is Productella speciosa, which has been 
reported from Portage, Chemung, and Kinderhook formations, and the other, 
Coleolus acicula, is a Genesee species. Eleven of the 16 have not been hitherto 
reported from above the Hamilton formation, while the other 4 range both below 
and above that formation. 

On the principle of specific identification, therefore, this faunule belongs to the 
genuine Tropidoleptus carinatus fauna, of which it contains four of the dominant 
species of the standard list. 



aa^ abtindaiit; aa^ very abundant; c, common; r, rare; rr, very rare. 



a( 


« Hamilton. 




a 


Marcellus-Chemuiug. 




c 


Comif erous [Onondaga] -Hamilton. 


c 


Hamilton. 




c 


Hamilton. 




c 


Chemnng. 




c 


Ithaca-Chemung. 




r 


Portage- Waverly. 




rr 


Portage-Chemung. 




rr 


Chemung. 




rr 


Hamilton. 




7T^ 

rr 


Chemung. 




rr 


Hamilton. 




rr 


Up. Held., Ham., Portage, 


Chemung. 
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The species of the Waverly fauna collected and identified by Dr. Kindle ar6 as 
follows: 

Table XXTV. — Tropidoleptus faunule as a colony in Chemung formation, Waverly, 
N, Y. {U62 B, U. 8, Geological Survey) , identified by E. M. Kindle {1902) . 

1. Tropidoleptus carinatus 

2. Ambocoelia umbonata 

3. Rhipidomella vanuxemi 

4. Spirifer marcyi 

5. Cypricardella bellistriata 

6. Productella lachrymosa 

7. Delthyris mesicostalis 

8. CamarotcBchia contracta 

9. Schizophoria cf . tioga 

10. Leptodesma matheri 

11. Glyptodesma erectum 

12. Pterinopecten sp. 

13. P. crenicostatus 

14. Modiomorpha cf . concentrica 

15. Cyrtina hamiltonensis 

The commonly reported range by formations is given in the column on the right. 

In this faunule, it will be observed, the abundant and common forms are, with 
the exception of Productella, chiefly found in the Hamilton formation. 

Nevertheless, the faunule occurs in the rocks after the Spirifer disjunctus fauna 
has occupied the region in force with its typical development; thus showing that 
in time the two faunas were coexistent in separate areas in their normal bionic 
strength. That is to say, in the areas of their geographic metropolis, each fauna 
maintained its bionic equilibrium as expressed in frequency and dominance of 
species. 

The importance of this case of recurrence of the Tropidoleptus fauna is so great 
as to call for every precaution as to its verity. The intrinsic evidence of its 
Chemung horizon was not present in the Owego faunule. & There are no species 
there which might not occur as low as the Ithaca group. But the faunule col- 
lected at Waverly contains Delthyris mesicostalis with a distinctly strong median 
septum, which is wanting or very slightly developed in the specimens of the 
Ithaca formation; also a single specimen of Schizophoria tioga, nothing like 
which is known in the typical fauna of the Ithaca formation. The Productella 
lachrymosa is not so strongly of the true lachrymosa type as to make it certain 
that it may not be an extreme variation of Productella spedosa. The leptodesmas 
are so variable that the form L. matheri is not conclusive of post-Ithaca stage. 

In my collections from the Waverly-Chemung cliffs, however, Tropidoleptus 
was discovered above the first appearance of Spirifer disjunctus 2kn6, other typical 
members of the Spirifer disjunctus fauna. These facts are intrinsic evidence, 
therefore, that the combination of species, so much like the typical Tropidoleptus 
carinatus fauna of the Hamilton, is here present in a part of the rock section 
occupied in general by a typical Spirifer disjunctus fauna. 

The fact that the combination of species is the normal combination seen in the 
undisputed Hamilton formation shows that its equilibrium had not been dis- 
turbed, and therefore that the life history of the fauna of the Hamilton forma- 

aa, abundant; c, common; r, rare; rr, very rare. 

& Since the above was written I have examined the Owego locality and another locality west 
of Waverly and have proved beyond controversy that this recurrent Hamilton fauna occurs not 
only well above Spirifer disjunctus, but several hundred feet above the base of the rocks along 
Chemung Narrows, constituting the typical exposure of the Chemung formation of Hall's Report 
of 1843. (Part IV, Geology New York State, p. JJ52.>.— H. S. W. 
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tion had not ceased, while the fannas above and below in the cliffs in Chemung 
Narrows is evidence that the geological horizon is that of the typical Chemung 
formation. The lapping of faunas of the same kind seems to be established by- 
evidence beyond dispute, and correlations must be made with recognition of such 
a possibility in cases where the direct evidence of the fact may be wanting. 

When we attempt to correlate formations with this knowledge before us it is 
evident that the life period of a fauna is not what it appears to be in any partic- 
ular section. Whenever the succession is sharply defined by the stopping of one 
fauna and the abrupt beginning of another, in full or decided strength, the evi- 
dence should be interpreted as positive that the boundary between the two con- 
secutive formations does not make the end of one fauna and the beginning of the 
succeeding one. It isi to be interpreted rather as only a well-advanced stage into 
the later one and the vigorous period of persistence of the other. This, inter- 
preted into comparative terms, would result in showing that the two faunas lap 
over each other in time. 

My studies convince me that this is frequently the case in respect to the bound- 
ary lines of our formations. The abrupt transition from one formation to 
another with a. different fauna is convincing evidence that the abruptness of the 
change in fossils is due either to absence of strata (i. e. , an apparent or concealed 
unconformity) or else to migration of the faunas across the area. '^ 

This principle must be recognized in making correlation, if we would reach 
correct interpretation of the facts." 

MARINE FAUNA ABOVE ONEONTA SANDSTONE OF EASTERN NEW 

YORK. 

Accepting Table XXI as an approximate!}^ correct list of the domi- 
nant species of the Spirifer disjunctus fauna, as it existed in the 
typical area of its distribution, what relation does the fauna occurring 
above the Ithaca fauna in the eastern part of the State bear to it? 

In opening the discussion of this question it may be not^d that 
among the 20 dominant species listed in Table XXI (the Spirifer 
disjunctus fauna), three are reported by Grabau from the Hamilton 
formation of Eighteenmile Creek. These are Amboccdia umhonata, 
Chonetes scitidus, and PalcBoneilo constricta. The same species, and 
the variety arctistriatus of Orthothetes chemungensis are reported from 
the Hamilton faunules of the Cayuga Lake section by Cleland. All 
four of these species are specifically identified by Prosser in the 
Hamilton faunules of eastern New York and Pennsylvania. 

Removing from the list these recurrent species (viz., Amboccdia 
urnbonata, Orthothetes chemungensis, Chonetes scitulus, and Palceoneilo 
constricta), as occurring also in the fauna of the Hamilton formation 
below, the remaining 16 will stand as characteristic species as well 
as dominant representatives of the typical fauna of the Chemung 
formation. 

In the sections in Chenango and Otsego counties above the Oneonta 
sandstone occasionally a few species occur which have led to classify- 
ing the beds holding them in the Chemung formation. 

In the recent revision of the geological mapping of that part of the 
State the State paleontologist appears to have adopted the Oneonta 



aAm. Jour. Sci., 4th series, Vol. XIII, 1902, pp. 428-431. 
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formation as the formational plane of division between the Ithaca 
and Chemung formations. But an examination of the faunas con- 
cerned makes it clear that the classification is more strongly influ- 
enced by the lithological than the paleontological evidence.^ 
Regarding this point Prosser* says: 

After reviewing the results obtained by different investigators of this problem 
of the separation of the Chemung and Portage and the Chemung and Oneonta 
formations in the central part of southern New York, the facts seem to justify 
the conclusion that the Chemung begins with the Orthis impressa fauna overlying 
the Oneonta formation. The thickness of the formation composing the Chenango 
Valley section, ranging from the base of the Marcellus shale in Sangerfield Town- 
ship, Oneida County, up into the Chemung, on top of the hill in Fenton and Kirk- 
wood townships, Broome County, to the northeast of Binghamton, is approxi- 
mately as follows: Estimating the dip for the northern part of the Chenango 
Valley to be 60 feet to the mile, we would have a thickness of about 1,500 feet for 
the Marcellus and Hamilton formations. To the east of Smyrna there are per- 
haps 25 feet, representing the TuUy limestone-and Genesee slate. The Sherburne 
formation is 250 feet, the Ithaca 500 feet or more, and the Oneonta 500 feet thick, 
while for the Chemung, from Greene to the top of the hill south of Port Crane, 
calling the dip 60 feet per mile, there are 1,225 feet, which result agrees quite well 
with the record of the well drilled at Binghamton. 

Generalized section giving thickness of the Chenango Valley formations. 

Feet. : Feet. 



Chemung 1 ,225 

Oneonta 550 

Ithaca _ _ . . 500-h 



Sherburne _ _ . : 250 

Genesee and Tully 25 

Hamilton and Marcellus 1 ,500 (?) 



This solution is a practical one for the particular region. For the 
purpose of mapping the middle eastern part of New York the Oneonta 
sandstones may no doubt be recognized as a formation, and they form 
a convenient separating line for formations. 

When, however, the statement is made that "in the vicinity of 
Greene * * * the Oneonta beds are overlaid by a typical and 
highly developed Chemung fauna,"^ the necessity for using some other 
term for the name of a fauna than the geographical name of a forma- 
tion becomes apparent, for the fauna in Greene County referred to 
does not represent the Spirifer disjunctus fauna, which is character- 
istic of the Chemung formation in its typical geographical area. Sta- 
tistics regarding the composition of the fauna following the Oneonta 
formation in eastern New York are given by Prosser in two papers,^ 
an examination of which will illustrate this fact. 



" See Report of field work in Chenango County, by J. M. Clarke: Thirteenth Ann. Rept. New 
York state Geologist, 1893. Vol. I. 

''The classification and distribution of the Hamilton and Chemung series of central and east- 
ern New York, Part I, by C. S. Prosser: Fifteenth Ann. Rept. New York State Geologist, pp. 
ia5-166. 

'Clarke, loc. cit., p. 557. 

f* Classification and distribution of the Hamilton and Chemung series of central and eastern 
New York, Part II, by Charles S. Prosser: Fifteenth Ann. Rept. New York State Geologist, 1895, 
pp. 87-222. Classification and distribution of the Hamilton and Chemung series of central and 
eastern New York, Part II, by Charles S. Prosser: Seventeenth Ami. S.«^\.. 'Sk^^ X«ci«^ '^^aXR^ 
Geologist, 1899, pp. 67-327. 
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There are 29 faunules occurring above the horizon of the Oneonta 
formation, whose specific composition is analyzed. The faunules are 
from the counties of Chenango, Broome, and Delaware, New York 
State. The species of the characteristic Chemung fauna reported as 
present in these 29 faunules of this region are given in Table XXV. 

Table XXV. — Spirifer disjunctus fauna: Characteri8tic representatives of the 
fauna reported in the eastern counties of New York and Pennsylvania, 



4. Camarotoechia contracta _ 1 

5. Spirifer disjnnctns 1 



1 . Spirifer mesistrialis . . . 6 

2. Productella lachrymosa 8 

3. Delthyris mesicostalis . . . , _ « 9 

As to the occurrence of Productelki lachrymosa, it was also reported 
by Clarke from the Juliand Hill locality in Greene Township, Che- 
nango County.* 

Prosser, referring to the identification of the same species in a 
faunule from the extreme southwestern corner of the township (his 
station XXXVI A 1), says: * 

Probably some of these specimens should be cf . P. speciosa of Ithaca, but the 
pnstnles are coarser than in this species. So identified by Clarke in Thirteenth 
Annual Report, page 543. c 

Dr. Clarke, referring to the Juliand Hill faunule, says: 

Fossils are abundant throughout these shales and are of typical Chemung 
expression. <^ 

In no other faunule of the Chenango localities reported by Dr. 
Clarke in the paper cited is this species mentioned, and in none of 
his faunule lists are any species of the characteristic Chemung list 
reported, not already mentioned in the list above/ 

The one record of Camarotoechia contracta made by Prosser is from 
the Pixley Mill faunule north of Afton. The only identification of 
Spirifer disjunctus by Prosser is in a faunule (XLII B 5) in the sec- 
tion southwest of Port Crane near the top of the hill. This obser- 
vation led him to remark: 

The occurrence of this characteristic Chemung species conclusively proves that 
the rocks near the top of the high hill south of Port Crane are in the Chemung 
formation./ 

In order to test the equivalency of this fauna it will be necessary 
to make a more deliberate examination of its content, and to study 
the bionic values which the several species hold in the general corpo- 
rate fauna as a whole. 

We have the carefulty collected statistics of 29 faunules reported 
by Prosser from this so-called Chemung formation of the eastern 
counties. The total number of species positively identified is 65, 

« Three times jwsitively. 

b The stratigraphic and f aunal relations of the Oneonta sandstones and shales, the Ithaca 
and the Portage groups in central New York, by John M. Clarke: Fifteenth Ann. Rept. State 
Geologist New York, 1895, pp. ZTSi. 

c Fifteenth Ann. Rept. State Geologist New York, p. 152. 

d Thirteenth Ann. Rept. State Geologist New York, p. 543. 

e Table XXV, above. 

/Filteenth Ann. Rept. State Geologist New York, p. 160. 
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there are 23 more named with a query, and 31 entries in which only- 
generic or more general identification was made. Of this total of 65 
species 27 species are also list;ed in thefaunules of the Hamilton 
formation; they are given in Table XXVI. 

Table XXVI. — Species of the Tropidoleptus carinatus fauna occurring above 

the Oneonta sandstone in eastern New York. 



1. Ambocoelia umbonata. 

2. Atrypa reticularis. 

3. Camarotoechia congregata. 

4. Chonetes scitulus. 

5. C. setigerus. 

6. Coleolns tentdcinctmn. 

7. Cyrtina hamiltonensis. 

8. Grammysia bisnlcata. 

9. G. circularis. 

10. G. subarcuata. 

11. Leda di versa. 

12. Leiopteria bigsbyi. 

13. Loxonema delphicola. 

14. L. hamiltonise. 

• 

Five of these (Nos. 1, 20, 24, 25, 27) are found in the list of the 12 
most dominant species of the typical Hamilton formation of eastern 
New York (p. 51). 

Of this list, 23 are also reported from the underlying Ithaca forma- 
tion The 5 not listed by Prosser in the Ithaca are — 



15. Lunulicardium fragile. 

16. Cypricardella bellistriata. 

17. C. complanata. 

18. C. gregaria. 

19. Nuculites cuneiformis. 

20. N. oblongatus. 

21. Orthis (Schizophoria) impressa. 

22. O. undulata. 

23. Palaeoneilo plana. 

24. P. constricta. 

25. Spirifer granulosus. 

26. Stropheodonta demissa. 

27. Tropidoleptus carinatus. 



Stropheodonta demissa. 
Orthis (Schizophoria) impressa. 



Grammysia circularis. 
Loxonema delphicola. 
L. hamiltoniae. 

Both Stropheodonta demissa and Schizophoria impressa are in the 
Ithaca formation of Ithaca. Their omission from the Ithaca formation 
in the eastern counties may be only accidental, but they certainly do 
not furnish means of discrimination between the Ithaca and Chemung 
formations. 

There are also eight species which are not recorded in the Hamilton, 
but are recorded in both the Ithaca and Chemung lists of the same 
region. They are recorded in Table XXVII. 

Table XXVII. — Species in ** Chemung'''' list which are also in the It?iaca, hut not 

in the Hamilton formation. 

1. Camarotoechia stephani. 5. Leiorhynchus mesicostale. 

2. Cyclonema multilara. 6. Delthyris mesicostalis. 
8. Grammysia elliptica. 7. Spirifer mesistrialis. 
4. G. nodocostata. 8. S. wnnatus posterns. 

Pakeoneilo filosa might be added to the above table. It occurs in 
the "Chemung" list and in the Portage, but not in the Ithaca or 
Hamilton lists. 

Two of the species in Table XXVII — Spirifer mesistrialis and 
Delthyris me&icostalis — are among the characteristic and dominant 
speciesof the standard Spirifer disju7ictus fauna (see Table XXIV ^"^ 
far as their evidenc-e bears upon the case, t\veAT au\y^«u«^xia^ \s:^ "^^snr. 
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Ithaca formation, which has been deinon8trat.ed to lie below the Che- 
mung in the Ithaca section,^ is opposed to the supposition that the 
horizon now under investigation is as high as the typical Chemung 
formation of western New York. 

Finally, there are 25 species which have not been recorded in the 
region below the base of what is there called the Chemung formation. 
These are tabulated in Table XXVIII. 

Table XXVni. — Species which occur above the Oneonta formation hut not in the 

Ithaca formation' of the eastern counties. 



15. Onychodns hopkinsi. 

16. Paleeoneilo brevis var. quad- 

rangularis. 

*17. P. brevis- 3 

18. Pleurotomaria itys. 

*19. Productella lachrymosa 8 

*30. Pugnax pugnns 3 

31. Schizodus gregarius. 
22. S. chemungensis. 
*23. S. chemungensis var. quad- 
rangularis . . . - 3 

24. Sphenotus contractus. 

25. Spirifer disjunctus. 



* 1. Bellerophon maera 2 3 

2. Camarotoechia contracta. 

3. Edmondia philipi. 

4. Ectenodesma birostratum. 

* 5. Goniophora subrecta 2 

6. Grammy sia communis. 

7. Holonema rugosa. 

8. Leiopteria rafinesquii. 

* 9. Leiorhynchus globuliforme _ . 9 1 

*10. Leptodesma sociale . . 4 3 

*11. Lyriopecten priamus _ 3 

*12. L. tricostatus 4 2 

*13. Modiomorpha quadrula 4 

14. Mytilarca carinata. 

The species starred are mentioned in more than onefaunule; those 
not starred were positively identified but a single time in all the 
faunules analyzed. On the right of the starred species are numbers 
indicating, first, the number of positive identifications, then the 
number of doubtful specific identifications. When the number of 
doubtful identifications is large, variation is probably great. 

Only 3 of these 25 species belong to the standard list of dominant 
species of the western Chemung (see Table XXI). These are: 

Spirifer disjunctus. 
Productella lachrymosa. 
CamarotcBchia contracta. 

As has already been said, the first and last of these are reported 
but once. On the other hand, the fauna contains Pugnax pugnns^ 
which is characteristic of the typical Ithaca fauna, but does not 
belong to the typical Chemung fauna of western New York. 

On the other hand, the following table (Table XXIX) shows a 
prominence of species which in the western New York Devonian are 
characteristic of an earlier stage in faunal development than that of 
the Spirifer disjunctus fauna. 

Table XXIX.-^ Dominant species above the Oneonta not confined to the horizon 

of the Chemung formation in ivestern New York. 

Spirifer pennatus posterns. Delthyris mesicostalis. 

S. mesistrialis. Pugnax pugnus. 

Camarotoechia stephani. Chonetes setigems. 

Cypricardella gregaria. Camarotoechia eximia. 

Tropidoieptus carinatus. Palaeoneilo constricta. 

a Bull. U. S. Geol. Survey No. 3, 1884, p. 28. 



CHAPTER IV. 

SHIFTING OF FAUNAS. 

EVIDENCE OF SHIFTING OF FAUNAS ASSOCIATED WITH 
DEPOSITION OF ONEONTA SANDSTONE. 

In considering the evidence contained ia the tables of statistics 
already presented, it is important to note the following points : The 
strata lying above the Oneonta sandstone and below the Catskill, in 
the eastern counties of New York, contain a fauna in which there are 
27 species of the Tropidoleptus carinatus fauna, 5 of which are among 
its most characteristic 12, and 25 of which are reported from genuine 
Ithaca formation strata. The fauna contains 8 species which are 
found in the underlying Ithaca formation, but have not been recorded 
for the Hamilton of this region; 3 of these are in the list of dominant 
species of the Productdla speciosa fauna. Finally, there are 25 species 
not recorded from the formations below in the same region, 4 of which 
are among the dominant species of the Spirifer disjunctus fauna, but 
only one of these forms is at all dominant in the eastern fauna under 
investigation. ^ 

The evidence points clearly to a position intermediate between the 
typical faunas of the Hamilton and Chemung formations. That the 
rocks are younger than the Hamilton formation is shown both by 
stratigraphical evidence and by the occurrence of species that have 
never been discovered in the Hamilton formation. That they are not 
of the same horizon as the Chemung formation containing the pure 
Spirifer disjunctus fauna is shown by the absence of most of the 
dominant species of that fauna, as well as by the strong representa- 
tives of typical species of the Tropidoleptus carinatus fauna; and 
that they are later than the typical Ithaca formation is shown by the 
presence of a few forms not occurring so low as tlie Ithaca formation 
of the central and western parts of the State. 

The paleontological statistics are thus conclusive in demonstrating 
the intermediate place of the post-Oneonta fauna between the typical 
ProducteUa speciosa fauna of the Ithaca formation, and the Spirifer 
di^unctus fauna of the Chemung; but it does not follow that the 
rocks are intermediate, and therefore not represented in either the 
Portage or Chemung formations farther west. The exact strati- 
graphical equivalency may be shown by a close study of the particular 
local characteristics of the faunules themselves. 

This temporary phase of the general fauna of the zone following 

a See Tables XXV to XXIX., 

Bull. 210—03 7 ^^ 
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the Oneonta sandstone was recognized and named in 1886 « as the 
^^Leiorhynchus globvliformis stage of the Middle Devonian fauna." 
The gibbous form of Leiorhynchus, under the name Atrypa globuli- 
formis, was noted by Vanuxem as existing in myriads in the "Che- 
mung group" of the third district, '* numerous localities abounding 
with it."* 

The close relationship between the species so abundant in the are- 
naceous strata overlying the Oneonta sandstones of Chenango and 
Otsego counties and the common flattened form Leiorhynchus mesi- 
costale was recognized by Hall.^ 

The presence of the species in the Ithaca formation was noted in 
1884,^ also the fact that in the rocks about Ithaca the form called 
Leiorhynchus mesicostale was found in the softer argillaceous shales, 
"while in the more arenaceous beds the convex forms L. globtdi- 
forme and i. kellogi appear." The great variability of the specimens 
in anj^ handful led to the belief there expressed — 

that the representatives of the genus Leiorhynchus, found in the Devonian of New 
York at least, offer no better claim to specific distinction than do the various 
forms of Atrypa reticularis, although the variations of form and the relative prev- 
alence of certain variations are valuable and, we believe, sensitive indications 
of changed conditions of environment. 

The association of gibbosity of form with sandy sediments gave 
occasion for expecting the species to appear in the sediments follow- 
ing the Oneonta sandstone in the Chenango Valley, and that this 
species should appear there in place of Leiorhynchus mesicostale 
was looked upon not as indicative of a new species, but as evidence 
of changed conditions of environment modifying varietally the com- 
mon Ithaca form. 

Another fact has been observed in the course of these studies — 
Leiorhynchus occurs very often in the rocks among the first species of 
brachiopods to appear in running up a section after a barren place in 
the strata. This was interpreted as an indication that the genus was 
adapted to live in conditions unfavorable to the life of most of the 
brachiopods. It was noticed in the Chenango Valley region that Lei- 
orhynchus glohuliforme was among the earlier species to appear 
above the sands and flags (nearly barren of marine invertebrates) 
above the horizon of the Oneonta sandstone. The fact that the spe- 
cies appeared in the Ithaca formation associated with the characteris- 
tic species of that formation, and was particularly associated with the 
hard sandstone beds, which were distinctly purple in color, led to the 
suspicion that this Leiorhynchus glohuliforme fauna was a represen- 
tative of the Produyctella speciosa fauna of the Ithaca formation, but 
a little later in age. 

This theory of a shifting of the fauna across central New York tvom 

aProc. Am. Assoc. Adv. Sci., Vol. XXXIV, p. 226. 
& Geology of Third District of New York, p. 18?, 
c Paleontology New York, Vol. IV, p. 364, 
rfBull. U. S. G^eol. Survey No. 8, p. 16, 
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the east toward the west during the time of the sedimentation of 
the Portage and Ithaca formations of the Cayuga Lake meridian 
was suggested by the fact that in the neighborhood of Ithaca, on 
passing upward from the Genesee shale, there is an increase of 
species of the Tropidoleptus fauna with the withdrawal of the Portage 
species.' The shifting was reversed after the center of the Ithaca 
formation was passed, as was shown by the reappearance of the 
species of the Portage formation (in reverse order) on ascending the 
strata, until above the Ithaca formation, with its dominant marine, 
invertebrate fauna, came several hundred feet of sediments quite 
similar to the typical Portage of western New York and holding the 
Cardiola speciosa fauna. 

This shifting of the fauna first westward and then eastward was 
such as to make the true succession of the faunas take a wedge-shaped 
position in the sediments rather than make a continuous superposi- 
tion of formations in one column. The Oneonta formation pushed 
westward into the midst of the Ithaca formation of Ithaca, and as it 
ceased as a formation, by the withdrawal eastward again of the 
peculiar kind of sedimentation, the Ithaca formation also pushed 
eastward, but the fauna in the latter exi)ressed a later stage of evolu- 
tion in Chenango County than in Tompkins Count5\ 

Taking this view of the case the Oneonta formation is, stratigraph- 
ically, at the same horizon as the middle of the Ithaca formation of 
the Ithaca section, which is also at the same horizon as the midst of the 
Portage formation of the Genesee Valley section. The fossiliferous 
zone above the Oneonta, in Chenango and Otsego counties, is the strati- 
graphical equivalent of the barren 300 or 400 feet of the Ithaca sec- 
tion and the fossiliferous beds of Caroline, which lie between the 
fossiliferous Ithaca formation with the Productella speciosa fauna 
and the Chemung formation with the Spirifer di^unctus fauna. 

The geographical shifting of faunas coincidently with the accumu- 
lation of sediments not only is consistent with all the facts which 
have so far come to light, but there is no other theory advanced by 
which the bewildering confusion in the relations of the faunas of this 
region is satisfactorily accounted for. 

The place of the Oneonta sedimentation is recognized in the sand- 
stones and flags in the midst of the Ithaca formation, and the Oneonta, 
by its becoming thicker and more strongly marked on passing east- 
ward in Chenango and Otsego counties, is seen to have its origin from 
that direction. 

The black shales of the Genesee and the following fine mud shales 
of the Portage of western New York containing the Cardiola fauna 
( Glyptocardia speciosa) thin out eastward ; but the proposition that 
they occupy the place of the Portage and Ithaca formations of the 
central part of the State, in which is a fauna rich in species of the 
Tropidoleptus fauna, is proved by the statistics collected by Messrs. 
Prosser and Clarke. 
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The difficulty found in discussing this problem has been due in 
large measure to the lack in common usage of any way to deal. with 
the fauna independently of the name and classification of the 
geological /orma^ion to which it is said to belong. 

In the present case, in order to treat of the subject in hand with 
the nomenclature already in use, it is necessary to say that the rocks 
and their fossils appearing in the section of Chenango and adjacent 
counties, above the Oneonta sandstone, are either Ithaca, Oneonta, or 
Chemung. There seems to be no other way of designating them; the 
use of the word transition is only an avoidance of decision. But if one 
speak of the formation as Chemung, the necessity arises of assuming 
the fauna to be equivalent to some part of the fauna of the Chemung 
formation where tj'^pically exhibited. This, as has been shown, is not 
correct, if by the ' ' typical exhibition " be meant a case in which the sep- 
aration between the Ithaca and Chemung faunas is sharply defined. 
If a case be taken in which the mingling of the two faunas is evident, 
it is not properly a typical exhibition. But in the list of species from 
these rocks in Greene Township, Chenango County, there is an undis- 
puted mingling of a large number of species of the standard Tropi- 
doleptus fauna with a considerable number of species of the standard 
Spirifer di^unctus fauna, and a still larger number of species whose 
most central stratigraphical position is in the standard Ithaca for- 
mation. 

If now we are to deal with the formations as such, the evidence 
seems to be very strong for the opinion that the part of the actual col- 
umn of the Genesee section of western New York, called the Portage 
formation in the reports, when followed stratigraphically eastward is 
represented not only by the Oneonta formation of Otsego and adja- 
cent counties in the eastern part of the State, but by the fossilifer- 
ous beds lower down, and by some, at least, of the fossiliferous beds 
following the Oneonta. 

Even if we were to suppose, with Dr. Clarke, that the Oneonta sand- 
stone is the formational equivalent of the "Portage sandstone,"* 
this does not dispose of the essential problem; because the equiva- 
lency does not include likeness of species in the two formations. 

The fauna in the beds below the Oneonta sandstone is more diverse 
from the fauna immediately preceding the Portage sandstone of west- 
ern New York than it is from the fauna preceding the Genesee shale 
of the same column. The fauna following it is also less like the fauna 
following the Portage sandstone than it is like the fauna of the Ithaca 
formation, which is known to be stratigraphically below it. If the 
formational equivalency were in fact as Clarke supposed it to be, the 
term equivalency would not carry with it the meaning that the beds 
were deposited at the same epoch of geological time. * 

The actual tracing of the beds step by step across from Otsego to 
Allegany County would settle the question as to time equivalency, 

aTbJrfceenth Ann. Kept. State Geologist New York, 1893. p. 557. J>See p. 117. 
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but so far as such work has alr5a(Jy Wen carried the evidence is all 
against the supposition that the sands'tolitf n/ ft^ Otsego section would 
be a sandstone in the Allegany County ^^lori.: ^^This is borne out 
in the special case of the Oneonta, which is ItfelT&s.ir.red sandstone 
mass before reaching Tompkins County. •••* / , 

We are therefore forced, by the evidence before us,'to -D^ijQclude 
that lithological characters, which constitute the basis of discrinf^tiMon: 
of the geological formations as units, not only cannot be relied uportt& J 
discriminate time equivalency, but uniformity of lithological constitu- ' 
tion must be regarded, in some cases at least, as positive evidence of non- 
equivalency in time. This rule is applicable whenever the formation 
is traced at right angles to the original shore line along which the 
sediments were deposited. The exception to the working of the rule 
is in those cases where the formation is traced in a line parallel to the 
original shore line. In such a case sedimentation may have been 
approximately uniform for long distances. 

It is necessary, therefore, ncft only to use the fossils as an aid to 
stratigraphy in determining equivalency, but the fossil evidence must 
be so separated from inferences drawn from formation names that its 
real value in time discrimination can be independently estimated. 

To make such separation of the two sources of evidence of time 
relations (viz: formations and faunas), it is necessary to deal with the 
fauna independently of its particular place in any geological column 
of formations. So considered the fauna is an aggregate of organisms 
combined in such number of genera, species, and individuals as to 
express the bionic values of each in their relations to the total corpo- 
rate fauna of each epoch of time for the area covered. 

The presence of a few species which are common in the typical 
series of rocks called the Hamilton formation (as currently defined by 
geologists) is not evidence of contemporaneity of formation for the 
rocks containing them in some other region. In fact, we have shown 
that the 12 most dominant and characteristic species of the formation 
actually do all occur in the Ithaca formation, which, at Ithaca, is 
separated from the Hamilton formation by two well-defined geological 
formations (the Tully limestone and the Genesee shale) and by still 
another series of rocks with a distinct fauna (the '* lower Portage" 
so-called, with the Spirifer Ice^vis fauna) — in all about 400 feet 
of strata. Nor does the mingling of species of one fauna with those 
of another invalidate the value of the faunas as time indicators. 

Again, in order to use the fauna as a time indicator, the changes in 
the fauna coincident with passage of time must be observed and noted. 
The study of the details of these Devonian faunas, as has been already 
stated, brought out the fact that a fauna maj'^ retain for a consider- 
able thickness of sediments its integrity as a general fauna — viz, 
its corporate integrity. Illustrations are given in Grabau's and 
Cleland's analyses of the successive faunules of the Hamilton for- 
mation. In such range of a fauna tbrou^b. Ylmtv^^^^^^^ <5k\ \fe«$i^ <5{^ 
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sediments the corporate infegrrtyof the fauna is ascertained hy 
observing the continu{w\c©:6fvlominance of the dominant species. 

It was found tluit:aF^ny J)articular stage of the fauna certain species 
were doniinairf;, tfai fftdicated by their abundance in the particular 
faunule. "The- relative abundance of the species gave a means of 
estip^aVbig 'tb'3 particular adjustment of the species to one another 
r^t'-thVparticular time and in the particular environment of the 
'••\ 'fatinule. The temporal equilibrium was not found to be preserved 
, • for much thickness of strata, nor, when studied geographicallj- , for 
much distance of distribution; such a faunule with its exact combi- 
nation and proportion is both temporary and local, and constitutes 
the type of a single faunal unit — i. e., a monobion, and its time limit 
is the hemera. 

Slight change of conditions, not sufficient to effect permanent 
change in the specific characters of the species, either coincident with 
passage of time or with change of position, may disturb the equilib- 
rium, and the effect of the change is exhibited primarily in the differ- 
ent relations of abundance or rarity of the constituent species. 

The difference ii\ these respects observed upon comparing the suc- 
cessive faunules is found to consist in a change in their relative 
dominance as constituent species, and rarely in the entire absence of 
any of the more common species, when imperfection of the collection 
is fairly taken into account. Certainly the facts indicate that there 
was no extinction of the species, for they came in again at successive 
places higher up in the column of strata. 

To ascertain, then, the real character of the fauna as a corporate 
whole, in terms of species, it is necessary to ascertain what species 
are sufficiently dominant to overcome the lesser changes of conditions, 
and to hold their preeminence, continuously, coincident with succes- 
sion of faunules as recorded in the geological column of a single sec- 
tion, and coincident with changes of conditions as indicated by the 
faunules taken from separate geographical localities. 

The species which appear most frequently in sample faunules, rep- 
resenting geological succession and geographical distribution, may 
hence be regarded as the most charact/Cristic representatives of the 
fauna for the total period of time during which it has preserved its 
faunal integrity and over the region in which it was normally 
adjusted to live. The presence of any large number of such domi- 
nant species of a fauna may be safely regarded as indicative of the 
epoch in which the fauna was dominant, and which may be appro- 
priately designated as the epoch of that fauna. 

This would be a reasonable conclusion even in case species of a 
fauna which in general succeeds it were present and associated with 
it in force. The argument for this conclusion is that the fauna can 
not be regarded as having ceased its existence as a fauna, so long 
as in a single faunule, anywhere, the species which have all along 



WTi^TAMs.] SHIFllNG OF FAUNAS. 103 

proved their dominance in the fauna are not replaced by other 
species. 

Upon reading on this basis the time value of the LeioThynchus 
globvliforme faunule of Chenango County, we are able to say, from 
the study of the faunas, that the dominance of th6 Tropidoleptus 
fauna is ab'eady passed, although 27 of its species are present. The 
epoch of the ProdiicteUa speciosa fauna of the Ithaca formation is 
also far advanced, but the Spirifer di^unctus ^tage has not been 
reached in force, as only a slight representation of its species is seen. 
The dominant species are those of the ProditcteUa speciosa fauna of 
the Ithaca formation. 

So long as the majority of the species, including a majority of the 
dominant species, belong to the faunas characteristic of the Hamilton 
and Ithaca formations, the evidence is strong for its contemporaneity 
with some part of the Portage formation of the Genesee River section. 

The mingling of species of two adjacent faunas by slight and 
repeated shiftings is well illustrated in a paper by Dr. J. M. Clarke.^ 
He has shown how the species of the "Portage (Ithaca) fauna" are 
mingled with the species of the *' Portage (Naples) fauna," as he calls 
them, in central New York.* In this paper is brought out the evi- 
dence of the great difference in composition between the fauna of 
western New York in the Portage rocks and the faunas occupying the 
same horizon in central New York. The method of accounting for 
the presence of both faunas in the same section is that advocated in 
this paper. Dr. Clarke speaks of the fauna of the western extension 
of the Portage group as an "exotic fauna," and describes the faunas 
of the central and eastern sections as "indigenous." Confirmation of 
the interpretation given in the present discussion appears in the state- 
ment that the Ithaca group fauna is a modified Hamilton fauna, with 
the following : "It contains a more abundant representation of unmod- 
ified Hamilton species in the meridional section along the Chenango 
River." If we had passed the time in which the "Hamilton," i. e., 
Tropidoleptus carinatus, fauna was living in its integrity the species 
would show modification. The greater abundance of these " unmodi- 
fied " species in the eastern outcrops points to the metropolis of this 
fauna, in which the fauna itself has maintained its bionic integrity. 
Although outside, only a hundred miles westward, a new fauna, exotic 
in origin, h^s occupied this ground with partial replacement there of 
the indigenous species of the region. 

PRINCIPLES INVOLVED IN SHIFTING OF GEOLOGICAL FAUNAS. 

This brings us to a consideration of the fundamental principles 
involved in the shifting of faunas, announced in 1883, the outlines of 
which were further set forth in 1892 in the vice-presidential address 

a The stratigraphic and faunal relations of the Oneonta sandstones and shales, the Ithaca and 
the PoTi»ge groups in central New York: Fifteenth Ann. Rept. State Geologist New York, 
1897, pp. 31-81. 

ft Ibid.; see p. 53, etc., for the lists, and fig. 5, p, 51, for the ^\eL^;r«k.\si. 
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before Section E of the American Association for the Advancement of 
Science. 

In a paper read before the American Association in August, 1885, 
the fact of shifting of faunas was illustrated bj^ a chart based on the 
detailed examination of the faunules of ten sections cutting across 
the strata of the Devonian, extending from Cuyahoga County, Ohio, 
eastward to Unadilla, in Otsego County, New York. A brief report 
of the paper was published in the proceedings, and the formulated 
expression of the law was given in the following words: 

The actual order of faunas met with in a vertical section is not necessarily 
expressive of biologic sequence, but signifies the sequence of the occupants of that 
particular area. 

The change in the species from one stratum to the next may express the shift- 
ing for miles of the actual inhabitants, and if the change, within a few feet of 
strata, is to an entirely distinct group of species, the evidence should be taken as 
I)ointing to a considerable shifting of conditions of the bottom. If in such case 
each fauna is kept distinct, the means of tracing the geographic distribution and 
modification are at hand. If mingled, then the collection, though made at the 
same locality, will only confuse. Two such faunas meet at Owego, Tioga County, 
in distinct strata, but in rocks which are of similar lithologic character; one is a 
remnant of a prevailing western fauna, the other is an eastern and late stage of a 
new fauna. 

It was there shown how, by the shifting of faunas and formations, 
the lower part of the Catskill formation of the Hudson River section 
was actually equivalent to the Oneonta formation of the Delaware 
County section, to the Ithaca formation of the Cayuga Lake section, 
and to the Portage formation of the Genesee River section. 
' From the established fact that the Catskill (a formation discrimi- 
nated on a lithological basis) did not occupy the same horizon, when 
the horizons were determined on a paleontological basis in sections 
not over 50 miles apart, it was argued that there is need of differ- 
entiating by nomenclature the vertical divisions discriminated by 
fossils from the lithological divisions called formations. 

The same subject was further elaborated in a discussion before the 
Geological Society at Boston in 1893, the immediate topic then under 
examination being the place of the Catskill formation in the geological 
time scale. In that discussion I proposed the use of dual nomencla- 
ture in geological classification, and again showed how the shifting 
of faunas from place to place necessitates their appearance at different 
horizons in separate sections, using horizon in the sense of synchrony 
in time. By this interpretation of the facts the Catskill formation 
was shown to occupy in eastern New York the actual horizon of the 
Oneonta of Delaware County, of the Ithaca formation of the Cayuga 
Lake section, and of the Portage of the Genesee River section. 

The lack of statistics for the discussion of migration of faunas was 
greatly felt in all those early studies of the subject. 

The deep interest taken in the question by numerous investigators 
has been shown by the many papers which have been published since 
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then, giving the mach needed statistics. With these statistics in 
hand it is possible now to express more clearly the laws involved in 
this shifting of the corporate faunas, as wholes, and their coincident 
modification. 

BIOLOGICAL CONSEQUBNCES OF SHIFTING OF FAUNAS. 

The principles assumed to account for the change in the character 
of faunas are of two kinds, viz., (i) the geographical shifting of the 
faunas, and (ii) the evolution of organisms independent of change of 
environment. Only so long as the conditions of a marine basin 
remain constant, or differ so slightly and so slowly that the faunas 
living under them can preserve their integrity as a whole and pre- 
serve that balance of adjustment to each other which may be called 
biological equilibrium — only so long as these conditions remain can 
the fauna be supposed to retain its integrity as a fauna. This state 
of things is represented in many geological formations for a great 
period of time. Throughout strata of limestone, in some ijlaces 
reaching 1,000 feet or more in thickness, this integrity of the fauna is 
preserved. It is to be interpreted as due in some measure to the 
conditions of environment remaining constant, whether evolution 
takes place under such conditions or not. Attention is called in the 
present statement to the fact that the fauna as a whole does maintain 
a relative integrity, which permits the assumption of at least very 
slight evolution of the types. Some of the species may drop out, and 
occasionally a few new ones maj^ come in during the course of this 
life period — if we might so call it. — of the fauna. At the same time the 
variations, pure and simple, which are observed are very slight, and 
not to be compared with the differences which are often noted on 
passing across a very limited distance of sediments where the con- 
ditions have changed and the fauna is broken up. It is not necessary 
to assume that a very great length of time has intervened between the 
embedding of the old and the appearance of the new fauna as we 
follow upward a stratigraphical section. Throughout the geological 
column many cases are known where one fauna is immediately fol- 
lowed by another, without greater break of sedimentation than the 
passage between two strata and with perfect parallelism of the con- 
tiguous strata, yet the species are almost completely changed. The 
species of the same genera are often found to be quite different. 

The student of paleontology is not required to assume that in such 
cases the second fauna has been evolved directly from the species 
which underlie it in the strata below. The more natural assumption, 
and the one which is borne out by further investigations in other 
regions, is that the new fauna has come to be deposited in the second 
series of beds lying above the first fauna by the shifting of the faunas 
upon the ocean bottom itself. A migration from some other region 
into the region where it is recorded is made by the species. This 
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proposition requires us to assume that our second fauna lived con- 
temporaneously with the one immediately underlying it, but in some 
other region separate from the one in which it is recorded Examples 
of such shifting of faunas have occasionally been met with in the 
investigations of deep seas. Professor Verrill,* in his studies of the 
faunas of the Atlantic edge of the New England shores, has pointed 
out a remarkable case of this kind. About 80 miles off Woods Hole 
one season a unique fauna appeared — the tile-fish fauna — with a new 
and abundant set of species, a great proportion of them new and 
representing altogether a new fauna. This fauna afterwards was 
lost sight of, and the dredgers found no traces of it in the region 
where it was first found. The explanation of the sudden appear- 
ance of such a fauna is that the shifting of currents, or some other 
movements of conditions in the ocean, led to the temporary migration 
of the fauna over the banks it occupied, and to its later retreat and 
resumption of its old conditions. 

The tile-fish fauna may belong to the deeper seas under the Gulf 
Stream, or it may be connected with other currents that at present 
we are unfamiliar with. However, this immigration may be taken as 
an example of what has unmistakably taken place over and over 
again in the sea basins whose life records are preserved in the fossils 
of our stratified rocks. Of course the modification of species in 
the course of time would affect such species as lived in a continuous 
series of reproductions for millions of j^ears; such modifications, 
however, might be spoken of as purely evolutional. Paleontology 
gives us evidence of such modifications of a general kind in the 
character of the species of a genus coincident with the passage of 
time; i. e., a young stjige, a vigorous middle stage of the life history, 
and a final decadent stage of the life of the genus. Facts of this 
kind may be gathered from the study of faunas which have preserved 
their integrity through a great thickness of sediments in a single 
basin; but the conditions more important to the paleontologist, and 
more necessary to be observed in making correlations, are those 
directly coincident with the movement of faunas from place to place; 
i. e., the shifting of faunas. This shifting of faunas is well illus- 
trated in the history of the latter part of the Paleozoic formations in 
the central basin of North America. The general proposition assumed 
to explain such shifting of the geographical position of faunas and 
their containing formations, as we follow them successively through 
a geological section, is as follows : 

It is assumed, first, that the evolutional process of change is geolog- 
ically very slow in its effects; that so long as the same conditions pre- 
vail with sufficient exactness to prevent the disturbance of the biolog- 
ical equilibrium of a fauna, so long the individual species will retain 
their distinctive characters and relative abundance in a general fauna. 

a Am. Jour. Sci., 3d series, Vol. XXIV, p. 366. 
I 
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On the other hand, it is assumed that changes of conditions of environ- 
ment, which may have been very slight but which necessitate a shift- 
ing or migration of the faunas, may produce some and even consider- 
able changes in a short time in the faunas concerned. The changes 
may be produced in the following ways: If the forced migration be 
sudden, the ability of the different species to migrate will, in the first 
place, be very unequal; some species can migrate and some can not; 
some can migrate easily and others with difficulty, and the sudden 
necessity of migrating, as a fauna, must necessarily break up what I 
have called the biological equUibriwm of the fauna. In every shift 
some species will be forced to drop out, because they can not migrate or 
because they can not adjust themselves to the new conditions. If such 
a dropping out of species from the faunas takes place, there results at 
once a new condition of affairs in the f aunal life. Competition is dif- 
ferent; the means of livelihood have changed; the necessity of new 
habits of life is forced upon the remaining species. In the process of 
adjustment of one to another, irrespective of the changing conditions, 
we may suppose that the species which remain in the fauna will, some 
of them, be reduced in rank and some of them increased, which will 
be indicated by change in abundance or rarity. The increased or 
decreased abundance of species in the fauna is one of the evidences 
of this shifting process. Where a species is abundant, I have fre- 
quently observed that variability also is increased. 

Relatively speaking, the variability is almost in proportion to the 
vigor and abundance of reproduction of the individuals. Here at 
once we see a means of rapid evolution. If a species varies and the 
variation is augmented hy favorable conditions of livelihood, the 
change from one environment to another necessitates the modification 
of some of the species almost immediately, and the variability of the 
fauna will be strongly expressed when migration of the species takes 
place. The adjustment of the fauna to its changed conditions is a 
matter of slower accomplishment, but it may be supposed that migra- 
tion from one region to another will result in more or less modifica- 
tion and readjustment of the proportionate fertility and abundance of 
the species, unless the change of environmental conditions be so slow 
as to enable the whole fauna to move its center of distribution with- 
out disturbance of its bionic equilibrium. Such cases would be rare 
and the distances not great. 

The investigations of Grabau and Cleland, already referred to, illus- 
trate this principle. The studj^ of the Cayuga Lake section was made 
for the purpose of furnishing a minute comparison with the Eighteen- 
mile Creek section, as well as to determine the exact composition of 
the temporary combination of species found in each stratum. The 
result was very clear. The general fauna was found to be very much 
alike from the bottom of the Hamilton up to its top in both sections. 
The difference between the several zones was constantly fluctuating^ 
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and the fluctuations are not expressed so much by an incursion of 
new species or a disappearance of some of the old species entirely 
from the fauna, but the differences between the temporary faunules 
of each successive zone are found to consist chiefly in relative abun- 
dance of specimens and in relative size of those which do apx)ear in 
the faunules. 

Other cases have been investigated, and from their study I conclude 
that the ordinary changes which take place in the life inhabitants of 
the seas on passing from one stratum to the next are chiefly differ- 
ences in abundance and vigor of the several species. When it is 
found, on passing from one zone in a section upward to the next, that 
the genera change with each new set of species the inference is at 
once that the change is due to migration. When, therefore, accord- 
ing to the above interpretation, it is observed that the faunas occu- 
pying the formations of the geological scale are not the same in two 
neighboring regions, the intei^pretation may be one of two: Either we 
have a succession of several faunas which may be contemporaneous, 
but represent different conditions of environment at the same time, 
or we have the modification of a single fauna into numerous local 
faunules — ^local and temporary — as it has be^i forced to migrate. 
Interpreting Paleozoic history on this basis, it becomes necessary to 
assume that the faunas must be distinguished geographically as well 
as vertically. 

EFFECT OF SHIFTING OF FAUNAS ON CLASSIFICATION OF GEO- 
LOGICAL FORMATIONS. 

If we trace the sediments of the Devonian for several hundred miles 
in one direction, from the west in Ohio eastward across the States of 
New York and Pennsylvania to their eastern limits, a remarkable 
series of changes is observed in the character of the sediments as a 
whole, which is interpretable by this study of the faunas contained in 
them. The facts developed by the minute analysis of the Devonian 
faunas already presented show that f ormational equivalency is not in 
accordance with faunal equivalency for the different parts of the region 
examined. In other words, if we attempt to trace a common geolog- 
ical horizon across the country by means of the evidence of forma- 
tional uniformity, we will reach a different conclusion as to equivalent 
formations than if the means of determination be the evidence of 
faunal integrity. 

This fact may be expressed in the case of the Catskill sedimenta- 
tion by saying that the Catskill formation occupies a lower place in 
the geological column in eastern New York and Pennsylvania than it 
does a hundred miles to the northwest. In this statement higher and 
lower are terms the estimation of which is based upon evidence of 
place of marine faunas in the rocks. 

The case of the Oneonta sandstone and its place in the midst of the 
faunas, described in detail on previous pages of this report, is another 
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vivid illustration of the fact. As a formation the Oneonta is a well- 
defined body of rock in Otsego County, New York, occupying a defi- 
nite place in the geological column of the Devonian. 

The evidence we have been examining, however, leads to the belief 
that the particular part of the geological column which was being 
formed in eastern Ohio at the time of the deposition of the Oneonta 
formation in eastern New York is not a sandstone but a soft sand 
shale called the Ohio shale. If we follow these Ohio shales eastward 
we find that they become coarser, and when we reach the Genesee 
Valley the sediments are still fine shales with some sandstones, laid 
down in even-bedded, sometimes flaggy, layers, with few fossils, and 
the fossils belong to a fauna quite different from that of either the 
Hamilton below or the Chemung above. The rocks here are known as 
the Portage formation. Following the rocks occupj^'ing the same geo- 
logical horizon still eastward, by the time we reach the meridian of 
Cayuga Lake and Ithaca the same part of the column is represented 
by argillaceous and sandy shales alternating for several hundred feet. 
Many of the layers are rich in fossils and contain species of both the 
lower Hamilton and the higher Chemung formations, together with 
certain peculiar and characteristic species which have come in from 
elsewhere or have been evolved from the faunas prevailing at the 
lower horizons. In the midst of these sediments there are beds of 
flagstones and, locally, of massive sandstones. In this region the 
rocks are known as the Ithaca group or formation. Following the 
sections still eastward as far as Chenango Valley, the flagstone quar- 
ries of Norwich, Oxford, and Greene townships are found occupying 
the place of the more f ossiliferous Ithaca zones farther west. 

Still farther east, the Oneonta sandstones, including red sandstones 
and even conglomerates, with fish remains and some plants, but hold- 
ing very slight traces of any marine fauna, occur in considerable 
thickness. From the evidence at present in sight I conclude that this 
series of sandstones is continued eastward without interruption and 
is probably a portion only of what is called the Catskill formation of 
the Catskill mountain region. Theoretically this is assumed to be 
the fact. 

If now we analyze the distribution of these sediments, which are 
supposed to have been laid down during the same epoch of time, we 
find that four distinguishable classes of sediments may be recognized 
as in process of deposit at different areas of the bottom at the same 
time. These may be spoken of as (a) the black shale, (b) the rela- 
tively barren Portage shale, (c) the fossiliferous argillaceous shales, 
and {d) the red sandstones. 

BLACK SHALE SEDIMENTS. 

The Ohio shales are a continuation upward of what is called the 
black Genesee shale in other regions, and consist of a series of fine- 
grained somewhat arenaceous sediments wMcVv \i"a,N^\X\fe v^^^i^^^>2c^^J3 
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of being made up of very thin and even laminsB and are very uniform 
for a thickness of several hundred feet. Where they are found in 
the black stage, this uniformity in the size of the grains, the evenness 
of the surfaces of lamination, and the uniformity of the sediments 
from top to bottom are striking characteristics. Faunally they are 
distinguished by a marine fauna containing a few, generally minute, 
invertebrates, many traces of plants, and often the spore cases of 
rhizocarps, together with the bones of large fish, distributed irregu- 
larly among the sediments. These peculiarities indicate quiet condi- 
tions of sedimentation — conditions not enough disturbed by cuirrents 
or even wave action to affect the smoothness of the sediments on the 
bottom — ^and show that the sources of the sediments were at a con- 
siderable distance. Ilie indications also point strongly to some kind 
of Sargasso sea, as suggested by Newberry; and it is possible that 
this coating of the surface of the sea by a living vegetation may 
account both for the black character of the sediments and for the 
absence of any considerable marine population. 

PORTAGE FORMATION SEDIMENTS. 

The second group of sediments still shows a sparsity of invertebrate 
life, but exhibits alternations of sediments ranging from the fine, 
evenly laminated layers of the black shale to the coarser arenaceous 
shales and sandstones, with occasional indications of shore action in 
the form of ripple marks, worm tracks, and pebbles. This set of 
sediments is well represented in the typical Portage formation of 
west-central New York. 

FOSSILIFEROUS SHALY SEDIMENTS OP ITHACA GROUP. 

A third class of sediments is found to be typical of the sections 
south of Cayuga Lake, in the formations described by me,® whose 
fauna is more fully elaborated in Mr. Kindle's paper on The Faunas 
of the Ithaca Group. These are composed of alternating sediments 
of sands and shales, richly fossiliferous, much more roughly deposited, 
and rarely showing the peculiar, evenly laminated character of the 
typical Genesee seen in the lighter-colored shales of the Portage of 
the Genesee Valley, and in the Erie shale of Ohio. 

RED SANDSTONE SEDIMENTS. 

The fourth set of sediments is found in the East, and is represented 
by the Oneonta sandstones and the flagstones — purple and red — which 
reach as far west as the Chenango Valley, and traces of which 
appear in the midst of the Ithaca group of the Cayuga J^ake meridian. 
These more eastern sediments are generally tinged with red. They 
are often coarse-grained with interspersed pebbles, and sometimes 

a Bulletin U. S. Geol. Survey No. 3. 
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have layers of clearly defined conglomerate. They rarely contain 
any purely marine life, except lingulas. The organisms they do 
contain are generally fish and a few large lamellibranchs {Amnigenia) 
which possibly were fresh-water moUusks, and may have occupied a 
place similar to the unios of the present time. Plant remains of 
unmistakable land origin are frequently found in the sediments. 

Thus in this fourth class of sediments the indications of nearness 
of shore are very clear, not only in the nature of the sediments them- 
selves, but in the organic remains buried in them. Bearing in mind 
this fourfold classification of the sediments, geographically arranged, 
it may be assumed that the relationship they bear to each other is in 
general coincident with distance from a shore outside of which they 
were laid down. The fourth represents the deposits nearest the shore; 
the third the zone of littoral sediments, rich in organic marine life. 
Going still farther outward from the shore line the more or less bar- 
ren sedimentation is found beyond the zone of the littoral fossils, but 
still near enough to the surface to be influenced by wave action and 
by local and temporary disturbance of the currents and supply of 
sediments; still beyond this are the sediments of the first class, above 
enumerated, which are beyond the reach of movements of currents, 
or oscillation of supply and distribution of the sediments derived 
from the shore. 

We have here, then, a set of formations which are associated with 
different faunal populations, and, although they may be supposed to 
be synchronously deposited, the several formations, discriminated for 
particular regions where each one is typically expressed, possess 
almost nothing in common. The stratigraphical, the lithological, and 
the paleontological characters are distinct for each one of the four 
classes of formations. 

The relation which these four classes of sediments bear to one 
another, and the way in which they stand related in the stratigraphical 
succession of a single section, lead one to the hypothesis that they 
represent approximately relative distances from the original shore line. 
With this as a working hypothesis, it is evident that a shifting 
which might be observed in one of the zones of sedimentation should 
be recognized by a corresponding shifting, in the same direction, of 
the other zones of sediments. 

When it is observed that the Tropidoleptus fauna stops in the sec- 
tions of western New York with the deposit of the Genesee shale, 
while in eastern New York the dominant species of the fauna con- 
tinue on for several hundred feet of strata above the horizon of the 
Genesee shale, the inference is justified that not only has the Tropi- 
doleptus fauna shifted eastwai'd, but that the Genesee shale of the 
western New York section shifted eastward to cut it off, and that a 
plade may be evident in the eastern extension of the Genesee sedi- 
mentation corresponding to the Portage phase of sedimentation. 
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This phase may be recognized in the Sherburne formation of Che- 
nango County. « In the same way the Portage of western New York 
should, on this hypothesis, be represented by a black shale laid down 
farther west, such as the Ohio shale, and to the east it actually blends 
into the Ithaca and then into the Oneonta, in accordance with the 
theory. Still higher in the series the Catskill formation of the east- 
em part of New York is at the same horizon as the fossilifei'ous 
Chemung of the central part of the State and the Erie shale of the 
sections of western Pennsylvania and Ohio. 

Thus the shifting of faunas furnishes a key by which the chrono- 
logical relations of the formations which hold the fossils may be deter- 
mined with a degree of accuracy not possible on any other basis, and 
reduces to order facts which on the ordinary interpretation are not 
only without apparent order but seem, at least, to be unrelated to 
each other. 

The sequence of the faunas themselves, in each section, furnishes 
a clue to the direction in which the shifting has moved. If, for 
instance, the passage upward is from richly fossiliferous shales into 
black, nearly barren, even-bedded shale, the locality where the sedi- 
ments occur was sinking, and the shore line was becoming more dis- 
tant; and, on the assumption that at the time the general shore lines 
were to the east and north of central New York, the inference is that 
the pushing in of the black Genesee shale over the Hamilton was from 
the southwest. All the facts bear out this conclusion. 

Again, if the succession of beds is from fossiliferous shales into 
red, flaggy, and coarse sandstones, the interpretation is that the region 
was rising. In central New York rising would cause the shoi*e lines to 
encroach upon the sea advancing toward the west. This is the fact 
in the case of the Oneonta sandstone ; and all the facts bear out this 
interpretation. 

FAUNAL SHIFTING AND CORRELATION. 

Thus a minute study of the faunules in their relation to the sedi- 
ments and their distribution and succession furnish a means of cor- 
relation far better than continuity of like sediments, a safe method 
when the transgression is parallel to shore lines but fallacious when 
the formation is traced at right angles to the shore line of origin of 
the sediments. It is a surer method of correlation than reliance upon 
identity of fossils alone, for we have ascertained that a prevalent 
fauna retains a general integrity of its specific composition for a time 
of great length, measured by the sedimentation of many hundred 
feet of ordinary shale and sandstone rocks, and through a thickness 
of limestones which may reach several hundred feet. 

The relation of limestones to the other classes of sediments has not 
been indicated in the above analysis. It is more diflftcult to determine 



a See section at " Nigger Hollow," Proeser, p. 134, XIX C 2. 
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the precise relation of limestone sediments to the shores, for there are 
no terrigenous materials in the sediments. The limestone, when pure, 
does not necessarily indicate great distance from land erosion, and it 
may not indicate distance fi'om actual shore. 

In the discussion of the Cuboides zone and its fauna ^ I adopted, 
as a working h^'^pothesia, the view that limestone sedimentation con- 
stitutes a fifth class lying beyond the black shale end of the series. 
I think, in general, this is borne out by the facts; still it must be 
observed that limestones form near coasts, and, under favorable 
conditions, in water not deep. 

Where limestones continue to form for long periods, during which 
some oscillation is evident, the associated fragmental material is fine 
grained, and the passage from limestone into terrigenous deposits is 
generally, if not always, through fine-grained sediments to coarse; 
often black shales are among the transition beds. As a working 
hypothesis it would appear still to be safe to regard limestones as at 
least in the same class with black shales on a basis of relative distance 
from shore, and as a means of determining the direction of the shift- 
ing of the faunas. 

This particular order of distribution of the conditions of sedimen- 
tation in relation to distance from shore line may require modification 
as the facts are more thoroughly elaborated, but that the several con- 
temporaneous faunas associated with distinct types of sedimentation 
have shifted together laterally seems to be established beyond ques- 
tion. The following facts seem to favor this view: 

(1) Fossil faunas give indication of their normal association with 
particular classes of sediments. 

Unless we suppose that the fauna has shifted its local habitat the 
abrupt termination of a class of sediments in a given section requires 
the assumption that the fauna ceased to live, whereas, the actual 
continuity of life of species associated in faunal aggregates is theo- 
retically an established fact. 

(2) Sediments of each class are of limited geographical distribution. 
This fact taken with No. 1 makes the following a rational conclu- 
sion, viz: 

(3) ^ fauna in its purity is restricted in its geographical distribution. 
If a fauna in its purity has a limited geographical distribution, the 

recurrencfe of the same fauna in a continuous section, after the 
occupation of the region by an entirely distinct fauna, can be 
explained only on the assumption that the fauna moved awa^'^ from 
the region during the interval of occupation by the latter. 

(4) Such recurrences of faunas are established facts, as shotvn on the 
previous pages of this discussion. 

(5) ^ formation (when understood to be a continuous series of 

«BuU. Geol. S(xr. Am., Vol. I, 1890, p. 481. 
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superiitvposed strata^ composed of the same class oflithologicol sediments) 
may contain a large number of zones, each with a faunide differing 
in particular from the others; hut all the fauntdes from bottom to top 
may be made up of varying combinations of a common list of species, 
i, e. , the common fauna of the formation. 

The absence or presence of the individual species in the separate 
zones of faunules is more rationally explained on the assumption of 
this temporary shifting of the species than by the hypothesis that 
either the species temporarily ceased to live or they were simply not 
recorded in the sediments. So long as the species continued to live 
there must have been some* locality in which favorable conditions 
for their living were found. The conclusion is reasonable, therefore, 
that they shifted their place of habitation — in the case of faunules, 
not far enough in distance to disturb the normal equilibrium of 
species in the general fauna. 

This difference in the relative abundance of the component faunules 
of a continuous fauna leads to the conclusion that we are dealing with 
parts of the fauna at varying distances from its center, or metropolis, 
rather than with fluctuations of the composition of the whole fossil 
contents. This actual fact of (6) frequent difference in relative abun- 
dance of the species of the faunules of a continuous fauna is established 
by the statistics already given. 

By the hypothesis proposed the shiftings are adjustments of the 
species to constantly but in general slowlj'^ shifting conditions of 
environment of the life of the species. 

It is believed that these zones of different sedimentation might be 
recognized (if we had the whole record before us) all around the 
shores of such a marine basin as we have now under investigation. 

It is supposed, second, that the difficulties arising from correlation 
of the sediments which are cut through by sections in different parts 
of such a basm are due in great measure to neglect of this fact of utter 
difference, as far as adaptation to species is concerned, in the sedi- 
ments synchronously forming. Across the central part of New York 
State the shifting of these sediments was recognized early in the 
eighties, and it is represented in the region about Ithaca and imme- 
diately eastward in the following way: 

The Hamilton formation is found underlying the whole State, reach- 
ing from eastern New York across the State and into Ontario, Canada. 
It contains a rich marine fauna, and for that reason is clearly tr^^cea- 
ble wherever it appears. 

This formation, as an arenaceous, sometimes argillaceous, shale, 
occupied a large area of near-shore bottom of a sea which extended over 
what is now New York State. The sediments became more calcareous 
on passing south west ward, and in Ohio and Indiana the calcareous 
beds increase, the limestone conditions of the Onondaga continuing 
upward after the time of occupation of the region by the Tropidolep- 
tus carinatus fauna. Taking the presence of this fauna as the basis 
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of discrimination of the Hamilton formation, the latter in central 
New York is followed directly by the Tully limestone, and that by the 
Genesee shale, in which there is no trace of the Tropidoleptus fauna. 
Farther westward this cutting off of the fauna takes place lower 
down, and by the time we reach Ohio the Tropidoleptus fauna is 
almost entirely wanting. Still farther on, the highest of this partic- 
ular series of marine faunas is that of the Onondaga. 

In the other direction, when the Genesee shale once comes in it is 
expressive of the departure of the Tropidoleptus fauna from the 
region. Following the Genesee shale eastward we find it gradually 
ceases as a formation, and east of the Chenango Valley very slight 
traces of the sedimentation of the Genesee formation are evident. In 
that region, as soon as the thinning and insignificance of the Genesee 
and Tully become evident in the column, the Tropidoleptus fauna is 
found to extend upward in full strength. In this eastern region there 
is evidence, for several hundred feet of the succession — the direct 
succession — of the Tropidoleptus carinatus fauna, and its continu- 
ance on until the verj' base of the Oneonta sandstone. This is evi- 
dence of shifting of the faunas eastward. As the sedimentation of 
the black shale character pushed farther eastward the Tropidoleptus 
fauna was also crowded farther eastward, and in the later part of the life 
of the Tropidoleptus fauna its geographical distribution was restricted 
to this eastern half of New York State, the Cardiola speciosa fauna 
prevailing through the corresponding strata in western New York. 

Now the next clear evidence of shifting of the faunas is found when 
the red shales and sandstones, which are characterized as Oneonta 
sandstones, came in in Otsego County. Coincident with this shov- 
ing in of the shore deposits westward we find the forcing of the 
Tropidoleptus fauna also westward after the zone of the Genesee 
shale was passed. This is represented in the Cayuga Lake section 
by the Ithaca group and its fauna, which is called the Produ^tella 
speciosa fauna. This fauna penetrates somewhat westward of Seneca 
Lake. At High Point the dominant species are of another fauna. I 
have thought that traces of the Productella speciosa fauna appear as 
far west as Hornellsville, but in the section of Genesee Valley no 
trace of the fauna has been discovered. 

The shifting in the other direction, toward the east, is evident at 
the Leiorhynchus globtdiforme zone, which follows in the strati- 
graphical succession above the horizon at which the Oneonta sandstones 
cease in the Chenango Valley. Here is indicated a shifting back- 
'ward of the faunas which were so dominant in the region of the 
Cayuga Lake section about Ithaca and for 50 miles eastward. The 
shifting is indicated by the withdrawal of the red sediments, also, 
farther eastward, and in the Ithaca section it is indicated by the 
cessation there of the Productella speciosa fauna, followed b}^ a return 
of the species of the Cardiola speciosa fauna of the Portage formation 
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of the Genesee Valley in a long stretch of about 500 feet of sediments 
above the fossiliferous Ithaca zone in the hills south of Ithaca. 

The final return shifting of the faunas westward is seen in the occu- 
pation of eastern New York by the red sediments of the Catskill 
formation. This incursion of the red sediments took place before the 
complete extinction of the Tropidoleptus carinatus fauna, and it was, 
probably, in great measure the cause of the extinction of that fauna. 
The species which lived on shifted westward, and in the eastern coun- 
ties of Pennsylvania and adjoining borders of New York we find them 
represented and mixed with the typical Spirifer disjunctus faunas, 
which occasionally came in, intercalated between red layers of the 
Catskill. As this set of sediments is followed farther westward, the 
red sediments also pushed farther and farther westward, until they 
reached the position of Glean and corresponding positions in Pennsyl- 
vania. But during the Catskill occupation of eastern ^ew York and 
Pennsylvania, the Spirifer di^unctus fauna prevailed over most of 
the western half of these States, in a thousand or more feet of sedi- 
ments, from which the red sediments of the Catskill are almost 
entirely, and for the more western sections entirely, absent. 

With each shifting of the sediments or faunais it is not simply a single 
kind of sediment that changes its position, but all of the sediments 
change their geographical position of accumulation; and the sequence 
of faunas (represented in any particular section cut through them) 
presents contrasts which have led to much confusion in making the 
correlations. There is, throughout the region, a gradual succession 
of faunas and species constituting the faunas. The species are modi- 
fied, chiefly, at the periods when the shifting took place. The shift- 
ing does not result, in most cases, in the extinction of the fauna, as is 
clearly indicated by the recurrence of the species in the successive 
stages. 

From an analysis of the faunas living in the New York province 
during Devonian time, we are led to believe that along with the oscil- 
lation of the depth of the bottom below the surface of the ocean there 
occurred shifting of the faunas as corporate wholes. The changes 
were gradual, but, with the change of condition of the bottom, the 
species of the whole fauna moved together in the direction their favor- 
able conditions of environment was taking. Coincident with such 
forced migration there wa& modification of some of the species, notice<l 
most distinctly at first in change in the dominance of individuals, and 
followed by modification of those which maintained their strength 
and vigor, and a selection of those varieties best adapted to endure 
the new conditions. 



CHAPTER V. 
EQUIVAIiEJN^CY A8 INTERPRETED BY GEOI^OGISTS. 

DIVERSITY OF INTERPRETATION. 

There is no problem in geology which occasions more controversy 
than that of determining the equivalency between the rocks or forma- 
tions of regions separate from one another. In stratigraphical geology 
this may be said to be the great problem with which everyone is con- 
cerned until it is settled; and when it is settled it is the one thing 
which every new investigator is wont to think he has a right to criti- 
cise and modify, in the light of his own newly discovered facts. If I 
mistake not, the chief cause for this disagreement regarding geolog- 
ical equivalency is the unconscious confusion of different standards 
of measurement in estimating, the values which are balanced, and 
regarding which equality of value is predicated. 

One man, when he speaks of the same formation (e. g., the Medina 
sandstone) as appearing in different States of the Union, is referring 
to the kind of lithological material of which the rock is composed; it 
is a case of lithological equivalency. Another man is thinking of the 
geological time — the time when the formation was made — in the two 
regions; this is contemporaneity of formations, A third is thinking 
of the likeness of the fossil forms contained in the rocks— /at^naZ 
equivalency. But in ordinary discussion it is rarely considered that 
lithological equivalency, contemporaneity of formation, and faunal 
equivalency are not necessarily the same, and that they may conflict 
with each other. 

In order to make clear the reason for such confusion, the standards 
of equivalency in the case of geography may be examined. In deal- 
ing with geographical facts, there are three ways of measuring and 
defining them. A particular geographical feature may be defined in 
each of three ways. In order to define the geographical position of 
West Rock, for example — an elongated hill of trap rock rising to an 
elevation of about 400 feet above tide level — either of the following 
statements may be made : 

1. It is situated about 2 miles north of the head of New Haven Bay, 
on the edge of the New England coast, opposite the central part of 
Long Island Sound. 

2. It is situated in the town of Westville, New Haven County, 
Conn. 
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3. It is situated on the meridian of 41° 20' north latitude and on the 
parallel of 72° 57'+ west longitude. 

From this illustration it is evident that any geographical feature on 
the face of the earth may be defined as to its geographical position in 
three distinct ways — distinct, because the locality scale may l>e any 
one of the three kinds signified in the foregoing definitions. 

These three locality scales are: 

1. A geographical locality scale, in which the facts are the present 
configuration of the surface of the earth, chiefly in respect to alti- 
tude, or distance in feet above or below sea level. 

2. A political locality scale, in which the facts are the political 
divisions of territory as defined by human ownership or occupation. 

3. An astronomical locality scale, in which the facts are distances 
in angular degrees or minutes, north or south from the equator of 
the earth and east or west from an arbitrary standard meridian (that 
of Greenwich). 

It will be observed that the only one of these standard scales which 
is permanent, fixed, and capable of use with precision is the astro- 
nomical scale, which can not be seen on the surface and has no regard 
whatever to facts upon which the other two scales are constructed. 

I have referred to the locality scales of geography in order to illus- 
trate more vividly the differences which are confused when a time- 
scale is under consideration for the definition of geological facts. 

The geologist is using three time-scales in his attempt to define the 
chronological relations of geological events. 

1. When an American geologist speaks of a formation in Ohio as 
the Trenton limestone, or in the Appalachian region speaks of the 
Medina sandstone, or the Catskill, or Pocono, he is using a time-scale 
in which the basis of classification is the fact that a rock of a particular 
kind in the section at Trenton, Medina, or in the Catskill or Pocono 
Mountains is assigned to a definite place in the stratigraphical 
sequence of formations. In applying the name to a formation in Ohio 
or in the Appalachians, he is attempting to affirm equivalency of posi- 
tion in a stratigraphical series of formations. It is a time classification 
by formations; he is dealing with a, formational time-scale. 

2. Again, in describing the Niagara of America as equivalent to the 
Wenlock, and then classifying it as therefore belonging to the Silurian 
age, the geologist is using an entirely distinct basis of classification. 
The basis of his determination now is equivalency of the f aunal combi- 
nation of fossil species found in the rocks of the two formations. In 
this case stratigraphical or lithological characters are not in evidence, 
but only the organisms which were living when the sediments com- 
posing the rocks were laid down. It is now a f aunal time-scale. 

3. There is still a third method of defining geological events chrono- 
logically. The question arises in mapping the rocks of a region, where, 
in the column of formations, shall the boundary be drawn between 
two systems, viz, between the Silurian and Devonian? This question 



WILLIAMS] EQUIVALENCY AS INTERPBETED BY GEOLOGISTS. 119 

was settled in the case of the Appalachian sheets of the U. S. Geolog- 
ical Survey by drawing the line in the midst of the Monterey sandstone. 
In the legend of the map the Monterey sandstone is called neither 
Silurian nor Devonian, but transitional. In the text, the forma- 
tion is defined as containing Oriskany fossils. Without entering 
into the merits of the case, this is an Illustration of using a scale which 
is neither f ormational nor faunal. A formation is a distinct lithological 
unit, but its base, as thus defined, is placed below the boundary line 
between the two systems, and its top is above the boundary line. This 
boundary line is therefore a theoretical one, which does not occur in 
the stratigraphical series as mapped on the sheet, and the scale to 
which it is referred is the standard geological time-scale. 

This particular standard is based upon a single section in Wales, 
where the earliest recognized boundary was drawn between the Silu- 
rian and overlying Old Red sandstone, and however differently the 
sequence of formations or faunas may occur in any other regions, the 
grand divisions of time — Cambrian, Silurian, Devonian, Carboniferous, 
etc. — are arbitrarily drawn, determined as near as may be by compar- 
ing all the points of geological history for the two separate regions. 

In the previous pages the facts are presented by which the applica- 
tion of the rules for establishing equivalency may be illustrated. 

In the case of the Devonian formations and faunas of the New York 
province the different kinds of equivalency may be stated with some 
degree of precision. 

In a f ormational time scale the units compared are lithological units. 
Examples of such units are the black Genesee shale, the Huron 
shales of Ohio, the Tully limestone, the Catskill, the Oneonta, and 
the Hamilton formations. The questions of formational equivalency 
involve two points — lithological and stratigraphical equivalency. 
In two neighboring sections there may occur 50 feet of red sandstones 
in one, which are equivalent to 75 feet of red sandstone in the other 
section ; this is a case of lithological equivalency. In two other sections 
.50 feet of red sandstones in one may be equivalent to 30 feet of green- 
ish shales and flags in the other; this is a case of stratigraphical equiva- 
lency. From the examples given in discussing the Devonian faunas 
it is evident that the lithological and stratigraphical equivalency may 
coincide or may be discordant. 

In ordinary cases it is presumed that lithological and stratigraphical 
equivalency coincide. Such is the case when the Tully limestone is 
followed along the line of its outcrops. When its calcareous character 
becomes so faint as to be indistinguishable in the series of strata, the 
formation is said to cease. According to the older habits of treatment 
of such cases the Tully limestone is supposed to thin and run out to 
a feather edge, thus finding its equivalency in the column between 
the subjacent and superimposed formations. According to the inter- 
pretation here proposed the change would be described as a lithological 
change — a change in the character of the sediments by ii\e\!^^^"^«5i^'^^<^ 
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argillaceous and arenaceous over the calcareous elements — until the 
former prevailed to the exclusion of the latter. 1'he equivalent strata 
of the limestone would in the second locality appear as shales and 
sandstones; and, for instance, the actual stratigraphical equivalent of 
the Tully limestone in Chenango and Otsego counties may be supposed 
to be twice as thick as the Tully itself and not distinguishable litho- 
logically from what lies below or above it. Such a formation is, strictly 
speaking, but a member, and the reason for separating it from the 
Hamilton formation is the appearance in it of diagnostic species not 
belonging to the general Tropidoleptvis carinatus fauna, but which 
immigrated into the* region from another fauna. Prosser described 
such a case in Otsego County, in secticm 21, east of Noblesville. The 
rocks are described as ''smooth, greenish sandstones, in the midst of 
which are blocky shales in which Rhynclwnella venitstula Hall is 
common ;"* i. e. , a characteristic species of the Tully limestone. Asso- 
ciated with this species are Spirifer (rmicronatus) peniiatus and 7Vo- 
pidolepius carinatus, two characteristic species of the Hamilton forma- 
tion. The rocks below are bluish shales; those above are arenaceous 
shales. The thin ''blocky shales with RhynchoneUa iienustvla {Hypo- 
thyris cuboidesy* may be regarded as the attenuated stratigraphical 
equivalent of the Tully limestone, but the facts favor the opinion that 
although this holds the attenuated representative of the fauna of the 
Tully limestone, the actual stratigraphical equivalent of the formation 
includes more or less of the blue shales below and the arenaceous 
shales above. 

An example of the discordance between lithological and stratigraph- 
ical equivalency is given by the Oneonta formation. The Oneonta 
sandstone of Otsego County is shown to occupy the same position in 
the column which the Ithaca formation holds in the section at Ithaca. 
The Oneonta formation is, therefore, the stratigraphical equivalent 
of part of the Ithaca formation, but, lithologically, it is the equivalent 
of the lower Catskill. In the same way t))e Chemung formation of the 
Genesee Valley section is stratigraphically equivalent to the CatskiU 
formation of eastern Pennsylvania, in part, to the Erie shales of Ohio. 
But lithologically the Ohio shales are equivalent to the Portage for- 
mation of New York. A formation, therefore, may be stratigraphically 
equivalent to one portion, while lithologically it is equivalent to 
another portion (either higher or lower) of the geological column, 

CORRELATION OF THE DEVONIAN FORMATIONS OF OHIO, 
WESTERN NEW YORK. AND EASTERN NEW YORK. 

The foregoing proposition may be illustrated by tabulating the 
formations of Ohio, western NeVv York, middle New York, and east- 
ern New York, along a west-east series of outcrops, as shown in PI. I. 



« Classification and distribution of the Hamilton and Chemung series of central and eastern 
New York: Fifteenth Ann. Rept. State Geologist New York, 1895, Part I, p. 1H3. 
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The sections, A to I, are arranged in order along «i curved line ex- 
tending from Licking County, Ohio, northeastward toward James- 
town, N. Y. ; thence eastward to Ithaca; thence nearly eastward to 
Norwich; thence southeastward to the Delaware Water Gap near 
Stroudsburg, Pa. These sections are placed in approximately the 
relative distances apart which the natural sections occupy along such 
a line. Such a line theoretically represents a section at right angles 
across the successive zones of conditions of sea bottom out from a 
shore which had a general trend parallel to the present Atlantic 
coast and the general Appalachian axis. The total distance repre- 
sented is about 500 milesr 

The several sections are, for thickness and classification of forma- 
tions, based upon official survey reports, revised in some cases by 
special surveys; and the range of the fossil faunas has been deter-' 
mined by special detailed investigations, accomplished chiefly by the 
persons named below, viz: 

A. Licking County, Ohio, revised by Orton, Herrick, and Prosser. 

B. Meadville, Crawford County, Pa. , and across Erie County, Pa. ; Second Penn- 
sylvania survey (I. C. White), Q4; revision by E. M, Kindle and H. S. Williams. 

C. Jamestown, Chautauqua County, N. Y., and Garland, Warren County, Pa.; 
Second Pennsylvania survey (Carll) 1 4, and G. D. Harris; range of faunas, E. M. 
Kindle. 

D. Warren, Warren County, Pa. ; Second Pennsylvania survey (Carll) I 4, range 
of faunas, E. M. Kindle and H» S. Williams. 

E. Genesee Valley and Olean, N. Y. ; H. S. Williams; section revised by E. M. 
Kindle and M. L. Fuller. 

F. Ithaca and Cayuga Lake, N. Y.; H. S. Williams, E. M. Kindle, and H. F. 
Cleland. 

G. Chenango River Valley, New York; C. S. Prosser and H. S. Williams. 

H. Catawissa, Columbia County, Pa. ; Second Pennsylvania survey (I. C. White) 
G 7; range revised by E. M. Kindle. 

I. Monroe and Pike counties, along Delaware River, Pennsylvania; Second 
Pennsylvania survey (I. C. White) G 6; range revised by C. S. Prosser. 

The range of the faunas is expressed by the cross lines marked 1 to 
5 and the letter R. 

The line marked 1 represents the upi)er limit of range of the 
typical fauna of the Onondaga limestone. 

Line 2 is the upper limit of the pure Hamilton fauna.^ 

Line 3 is the lower limit of the Chemung fauna. 

Line 4 is, for the western sections, the lower limit of the Waverly 
fauna; in the Ithaca section (F) and the sections farther east, it is 
the highest level at which definite traces of the Chemung fauna have 
been detected. 

Line 5 is the base of the Olean conglomerate (E) and of other con- 
glomerates regarded by strati graphers to be its equivalents. In the 
easternmost section (I) it is called Pottsville conglomerate series. 



a In section F this line, by mistake, is drawn to cross the section at top instead of at bottom of 
the Tully limestone. 
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The line marked R is the horizon at which the first well-marked 
red beds appear in the sections on going up, above which the so-called 
Catskill fauna appears. In general, the figures in the columns 
express the thickness in feet assigned to each formation, the names 
of which are placed opposite them iis applied in the several regions 
through which the sections pass. 

These facts may be expressed in terms of equivalency, as follows: 
At the base of this particular series, the calcareous Delaware forma- 
tion, in its upper measures, contains traces of the Tropidoleptus fauna. 
In western New York the Hamilton formation is composed of argilla- 
ceous, calcareous shales, and in eastern New York it is arenaceous, 
but not so strongly so as to change the fauna. The black Huron 
shales of Ohio, following the Delaware limestone and shading off 
gradually into the green shales of the Erie, occupy the interval 
which, in western New York, is made up of the Marcellus shale, 
Hamilton, Tully, Genesee, Portage, and some of the Chemung of 
western and central New York. In central New York these find 
their equivalent in the Marcellus, Hamilton, Tully, Genesee. Farther 
east the Tully and Genesee are wanting, as formations, or are repre- 
sented by Hamilton and Sherburne formations. The Ithaca is in part 
represented by the Oneonta, and its upper part is represented by 
the so-called Chemung of Otsego and neighboring counties. The 
Chemung is represented in that region by the Catskill. Still higher 
up, the space from the black Cleveland shale of Ohio up to the Logan 
conglomerate is represented in western New York and Pennsylvania 
by the upper Chemung, Panama conglomerate, flat-pebble conglomer- 
ate, and beds at Glean holding Spirifer disjunctiis, running up to the 
base of the Glean conglomerate. Farther east this interval is made 
up of the Catskill, and the probabilities are (though the facts tx) sup- 
port the opinion are not positively in sight, fossils being out of evi- 
dence) that the Pocono and Mauch Chunk are also the representatives 
of this same Waverly group (or a portion of it) of Ohio. 

The second kind of equivalency has regard to the faunal time scale. 
Equivalency of faunas may be illustrated in a definite case by saying 
that the Tropidohptus fauna may be recognized over a wide territory 
by its dominant species, but this alone is not sufficient to identify the 
formation. For instance, in the case of the Tropidohptus fauna of 
eastern New York we have already noted a list of 12 species which 
are dominant throughout the fauna, as exhibited in the different parts 
of the State. These are dominant on the basis of geographical dis- 
tribution, and therefore may be regarded as representative species of 
the Tropidohptus fauna, not necessarily of the Hamilton formation. 
Nevertheless, when in central and western New York wo pass above 
the formation, which is sharply defined in the sections, both litholog- 
ically and faunally — so there is no possible doubt as to the termina- 
tion of the formation in these western sections — we find that the fauna 
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which appears in the Ithaca formation contains all of these represent- 
ative species of the Hamilton formation, thus making a faunal equiva- 
lency with known discordance as to formational equivalency. It is 
known that stratigraphically the Ithaca formation is not equivalent 
to the Hamilton formation. However, if we were to detect the species 
named in the dominant Hamilton list in a section in Indiana, the 
inference would be drawn at once that the Hamilton fauna was pres- 
ent. The truth is that thei Tropidoleptus fauna is present, but that the 
Hamilton formation may or may not be represented in Indiana. The 
evidence of the equivalency of the Sellersburg formation with the 
Hamilton formation in Indiana, furnished by the presence of the few 
specimens of the Tropidoleptus fauna, is not so great as the evidence 
of equivalency of the Ithaca formation with the Hamilton in New York. 
This case brings out the distinction between faunal and formational 
equivalencies. It also illustrates the importance of the recognition of 
some other basis than simple presence of species in order to certify the 
fauna to which they belong. The facts are not present for carrying 
correlations by this careful method through the whole series of forma- 
tions known to occur within the boundaries of the intercontinental 
basin, but sufficient is known to make it certain that the general faunas 
prevailing in one section of the basin during a period of time, the 
formational equivalency of which may be clearly established in 
another section, are faunally diverse in the two sets of sediments 
representing the same period of time. 



CHAPTER VI. 
THE BIONIC VAIiUE OP FOSSIIiS. 

GENERAL STATEMENT. 

The essential difference between the three classes of evidence upon 
which geologists base their determinations of equivalency of com- 
pared formations having been demonstrated, a few words may be 
said regarding the nature of the evidence by which fossils record 
definite epochs of geological time. 

Uniformity in rock constitution we all understand, and it requires no 
special analysis. Stratigraphical equivalency is readily perceived to 
be based upon structural uniformity; and in describing two formations 
as stratigraphical equivalents we mean that they are the same struc- 
tural parts of the earth's crust. In making determinations of faunal 
equivalency, however, the presence of one or several fossils is not 
sufficient to establish close correlation, for the reason that the same 
fossil si)ecies may occur throughout many feet of thickness of sedi- 
ments, and anywhere in that range may exhibit the same fossil forms. 
It becomes necessary to deal with the aggregate fauna regarding 
which the modifications are constantly taking place. Not only must 
we treat of fossils as aggregates, but we must have some means of 
measuring the aggregates other than the scientific names of the fossils. 
While their names are essential and cover a great many particulars, 
in order to extract the evidences of time we must be able to deal spe- 
cifically with those elements which are associated directly with the 
passage of time. 

In the previous pages I have referred to the bionic values of fossils, 
and have arrayed a mass of statistics, gathered and formulated in 
such ways as to exhibit these bionic relations, and the reader will now 
be ready to consider more particularly what is the nature of this 
si)ecial method of treatment of fossils as evidence of passage of time. 

Fossils, as morphological records of the living organisms of the past, 
are of inestimable value in reading the history not only of the organ- 
isms themselves, but of the conditions of the environment through 
which they struggled and to which they were adjusted. But form 
such as the fossil expresses, and in general such as is expressed by 
the hard parts of all organisms, is extremely complex. It is impos- 
sible to describe it in geometrical terms, as may be done in the case 
of minerals. Although descriptions of form may be given which will 

124 
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convey some idea of the important elements of form, it is actually 
necessary that either the original specimen or drawings illustrating 
the form be used to convey to the mind the meaning of the terms of 
the description. 

It becomes important, therefore, for stating scientifically the histor- 
ical relations of organisms, to find some method of measuring the dif- 
ference between one fossil and another which shall have mathematical 
value and be capable of expression in mathematical terms. 

In the crystal the relations of the faces to each other may be 
expressed in degrees and minutes of angle borne by the planes to 
each other, and their extent may be measured in millimeters. The 
chemical elements of which they are composed may be expressed in 
percentages of the total quantity of matter in the individual crystal, 
and these elements may be compared by their atomic weights or be 
expressed in terms of specific gravity. It is the form of a fossil which 
expresses the qualities of the organisms, but this form can not be 
expressed mathematically, nor is it coordinate with composition. 
Degree of complexity of organization is of prime importance in meas- 
uring the rank of the organisms in systematic classification. This 
degree of complexity, or amount of differentiation of structure, which 
is the basis of systematic classification, is evidence of the amount of 
evolution through which the ancestors of an individual have j)assed. 

For instance, the complex structure of the crayfish presents the 
morphological evidence of its taxonomic rank. It holds a higher rank 
in classification than does the trilobite. While thus much is known 
and is distinguishable in terms of form and use of organs — or, to speak 
abstractly, in terms of morphological characters — it is very difficult to 
express in mathematical terms the degree of difference or the relative 
rank of the organisms. In seeking for some such terms the practice in 
physics and chemistry may be studied. Both physics and chemistry 
have reached some degree of mathematical precision in expressing 
values of their phenomena by the adoption of arbitrary units, such 
as pound and foot, of which there can be preserved visible standards 
for comparison. Another set of standards are measures of exertion 
of force which is not visible but is capable of record in terms of the 
visible standards, pound and foot, with the help of the measures of 
time, duration, and motion in space. Such standards are the dyne 
and the ohm. When it is sought to measure the relative values of 
organisms, although their bodies are composed of chemical elements, 
it is found that their values are more than atomic. Although they are 
mechanically constructed and act in accordance with physical laws of 
matter, their values can not be expressed in terms of physics. 

The idea that the survival of organisms in competitive struggle is 
determined by the measure of vital energy exhibited by the several 
competitors furnishes a suggestion as to the kind of measure by 
which the values of organisms may be compared. 
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Since it takes an appreciable length of time for an organism to 
develop to maturity the structure by which it carries on its living 
processes, and as, secondly, every individual organism develops its 
form elements by passing from a formless stage into a more and more 
complex morphological stage, these two elements, time and individual 
development, offer promise of some satisfaction for the measurement 
of organic values, which may be considered mathematically. 

Organisms are not to be measured by the amount or kind of matter 
of which their bodies are constructed, but by the disposition and use 
they make of the matter within the scope of their activities. It is 
the shape of the lobster's claw, not its chemical constitution, which is 
significant. 

Following out this line of search, we notice that the vigor expressed 
by the coming to birth and the growing to maturity of a single organ- 
ism is repeated when it reproduces itself in a second generation. 
Whatever value be imagined as the value of the life power, force, or 
energy by which a single germ goes on to maturity, the value is 
doubled when another generation follows, and trebled on the third 
generation. Generation becomes thus the measure of a certain funda- 
mental ability of organic bodies, and each individual organism stands 
for the exertion of a unit of such force. A fossil individual is the 
measure of this unit of organic energy as much as a living individual. 

Again, if each case of reproduction of an organic individual were 
an exact repetition of the preceding case, all organisms would be alike. 
We assume that difference in the forms of organisms is to be accounted 
for by a change in the processes by which the mature body is con- 
structed in the course of individual development. 

If the constructive form of the adult individual organism be an 
expression of a unit of vital force, it may be assumed that the diver- 
sion of the process of development, so as to modify the construction 
and form, is the expression of another unit of force of some propor- 
tionate relation to the first unit. 

If organic generation goes on for 100 generations without noticeable 
deviation, this second mode of energy may be supposed to be less than 
if some deviation be noticed in the course of 10 generations. The 
evolutional energy expressed in the deviation from a given form in 
the course of repeated generations is of the same nature as that 
expressed by the development of the germ to adulthood, since it is 
morphologically an acquirem^ent of structure or of difference of form. 
This form is visible and is preserved in the fossil as well as expressed 
in the living organism. Hence it is evident that difference in form, 
when it is combined with numbers of generations taken for producing 
the difference, becomes a means by which the relative values of organ- 
isms may be compared. Difference in form is the basis of classifica- 
tion of organisms in systematic zoology and systematic botany. In 
these sciences relative difference in form is expressed by the terms of 
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taxonoinic classification, viz, species, genus, family, order, class, 
branch. 

Out of these several terms which have actual visible expression in 
nature (viz, difference in form^ expressed in terms of species, genus, 
family, etc., in systematic classification; difference in generation^ ex- 
pressed by number of individuals of a kind ; and number of genera- 
tions following each other without specific modification) may be elab- 
orated a means of expressing the relative values of living organisms 
in mathematical terms. 

These values may be called bionic, implying the energy values of 
living beings^ rather than the values of their mechtoical powers or of 
their chemical constitution, since development from germ to adult 
and evolution from one to another specific form are phenomena asso- 
ciated only with living organisms; and the term bion may be used to 
express the idea of such a unit of vital force. 

To distinguish this mode of expressing the energy peculiar to living 
organisms from the other modes of energy expressed by machines 
and in chemical reaction of nonliving bodies, the energy may be 
spoken of as bionic energy. It is evident that the bionic energy of 
organisms greatly differs for different organisms; but it is not yet 
known that the differences may not be actually an expression of the 
number of generations through which the ancestors have passed, and 
thus actually may indicate, mathematically, the true bionic value of 
the species or race at the stage in which it is examined. 

THE TERMS "SPECIES," "RACE," AND "GENERATION." 

In order to discuss this problem, we are forced to use the term species 
in a somewhat special sense* Species, when contrasted with individual 
and genus, refers to an aggregate of individuals possessing like mor- 
phological characters. But when we describe a fauna as composed of 
ten or twenty or a hundred species, species is used in a different sense. 
We are not dealing with the aggregate, but with the specific charac- 
ters. Each individual is then a particular species or belongs to a par- 
ticular species. Moreover, each individual in this latter sense is not 
only a species, but a genus, family, and class. 

Bearing in mind this distinction, we find the individual to be an 
aggregate of cells, parts, and organs, and the particular way in which 
these cells, parts, and organs ^shape themselves in the adult deter- 
mines to what 8i)ecie8 and genus the individual belongs. But the 
individual also starts as a germ and becomes an adult, and as an indi- 
vidual dies, i. e,, loses its individuality. The individual, thus, is a 
temporary expression of the species, and in considering time values 
it is necessary to make distinction between the species as individuals 
and the species as a race. 

The species continues to live after the individual representative of 
it has perished, and species as a time measure is better expressed b^ 



128 CORRELATION OF GEOLOGICAL FAUNAS. [BUM..aa 

the term race. So it is particularly the single generatiou rather than 
the single individual that we have in mind when the time value of 
an individual is under consideration. 

If we could actually know the number of generations it takes to 
accomplish changes sufficient to be marked by describing the two 
extreme individuals as of different species, then we could express by 
such a number the magnitude of difference between the time values 
of the individual and of the si)ecies. The best we can do is to state 
that the two measures are of a different order of value. We may state 
that the time length during which the average species reproduces 
its kind without appreciable deviation in its specific character is 
measured by thousands and possibly millions of generations, while a 
single generation measures the time length of the first order in little- 
ness of value associated with the individual. If we could deal 
with it in geology, the life period of the individual would be the 
primary unit of the bionic system (monobiochron). But as this can not 
be ascertained by the study of fossils — dead remains of organisms^— 
we must take for the lowest practical bionic unit some unit which 
is capable of expression by fossils (dibiochron). This shortest lapse 
of time, to which the fossils themselves may give expression, is 
associated with the continuous life of the species, and may be con- 
ceived of as directly determined by the relative vigor maintained by 
the individuals struggling with one another at the particular point of 
time recorded. So long as, at a particular spot (a), under what may 
be supposed to be unchanged, local, environmental conditions (b), the 
relative number of individuals of each species (c), with the same com- 
parative size and proportions of form (d), continues unchanged, so long 
a certain small unit of time may be considered to have elapsed. This 
is called a dibiochron, because it is the measure of the second order 
of appreciable magnitude of the expression of the bionic, or endur- 
ance qualities of the organisms whose fossil remains are examined. 

The definition of terms was given in a previous paper «, an extract 
of which will explain the sense in which the terms are used : 

In order to isolate this time quality I have proposed to speak of it as the bionie 
quality or value of the organism. The bionic quality of an organism may^ then^ 
be defined as its quality of continuing, and repeating in successive generations, 
the same morphologic characters. * * * And if we should adopt the name 
chron to apply to geological time-units in general, and biochron to the units whose 
measure is the endurance of organic charac tiers, we have a means of constructing 
a system of nomenclature which will express what is now known of geological 
time relations, and (more important still), which will serve as an aid in acctima- 
lating the necessary statistics to perfect the geological time-scale. 

Order of magnitude of bionic units. — In expanding this system of nomendatare 
the following table will indicate the principle upon which the fundamental units 
of time value will be discriminated and named. The time-unit of lowest rank 
will be based upon the life endurance of an individual organism; the amount of 



a Jour. Gtool., Vol. IX, p. 5T9. 
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organic vigor expressed by the preservation of the individual life constitutes a 
hionic unit of simplest or lowest rank; the individual, therefore, is an organic 
unit of monobionic rank. How many individual lives are possible in the life- 
history of a species we at present do not know, but we do know that the bionic 
value of the species (or, strictly speaking, of sjiecific characters) is of an entirely 
higher order than that of the individual. To be more concrete the individual, the 
si)ecies, the genus, etc, , constitute organic units of consecutively higher and higher 
order of bionic magnitude, which statement may be tabulated in the following 
way: 

Bionic valims of the several categories of classification of organisms. 

Individual _ _ a monobionic unit. 

Species .a dibionic unit. 

Q^nus - - - a tribionic unit. 

Family a tetrabionic unit. 

Order . _ _ _ a pentabionic unit. 

Class - --_a sexbionic unit. 

This actual dibion may be compared with the molecule in the 
atomic theory, for the theoretically simplest unit of the series (the 
monobion) is expressed by the time equivalent of an individual life 
from germ to death — i. e., the life period of the individual. 

In the fossil individual, therefore, we find no evidence of the time 
value of individual development. The vigor which is characteristic 
of each individual of the species at the time may be expressed by the 
numbers of individual fossils found buried together in the same rock 
layer. 

Even this actual number of specimens in a rock layer is not a cer- 
tain test of individual characteristics when taken alone, because the 
conditions of preservation, wo must believe, very greatly modify the 
number of individual specimens preserved in the rocks. In order to 
use a number of specimens as an expression of bionic value, the num- 
ber must be in relation to the number of other species preserved at 
the same time under the same conditions. It is the relative abun- 
dance or rarity of a species in the local faunule list alone that is of 
value, just as in the analysis of a mineral the percentages of the com- 
ponent elements are significant, not their amount. 

So far as fossils are concerned, the individual is recorded only biy 
its dead remains, and the number of individual fossils of the same 
kind found together in the same faunule may stand for a measure of 
the bionic value of that kind in the particular aggregate of species 
making up the faunule. The larger the number of individuals the 
higher the bionic value of the species relative to the other species in 
the combination. Those species, therefore, which are represented by 
the greater number of individuals in a faunule constitute the dominant 
species of the particular faunule. The adjustment of equilibrium 
among the species with each other and with the environment is such a 
complex and delicate matter that it is preserved for each faunule for 

Bull. 210—03 9 
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a brief lapse of geological time. This brief time, represented by the 
preservation of the bionic equilibrium of a faunule aggregate, is taken 
as the measure of the unit of geological time — the hemera. The \"isi- 
ble expression of the hemera is the temporary /a ?^nw7€, the analysis 
of which into its constituent species constitutes the faunule list of a 
particular locality (geographically) and particular zone (stratigraph- 
ically). 

For the purpose of ascertaining the bionic value of fossils it is 
necessary to know the list of species occurring together in the same 
faunule, or temporary association of species, and the abundance or 
rarity of each in that combination; and second, it is necessary to 
obtain such faunules at frequent intervals separate from one another, 
in order to ascertain how constant is the appearance of the species in 
the general region over whicli the fauna is distributed. 

The bionic values may be expressed mathematically by recording 
the number of times of appearance. These will then stand as nume- 
rators of fractions of which the denominator is the total number of 
faunules listed. 

When the faunules are from the same formation, but from sepa- 
rate stations, tlie statistics will show the frequency of geographical 
distribution of the species. If the distribution is wide and general 
the numerator will be high, if the species is local in distribution the 
numerator will be low. The place of the species in the general fauna, 
based on such estimate of its bionic value, may be called its distribu- 
tion value, by which will be meant the power of the species to spread 
itself geographically and to preserve its life under diverse conditions 
of environment. 

In like manner, the frequency of occurence of a species in different 
faunules found at successive horizons throughout the strata of a single 
section will express bionic value of a different kind, viz, the power of 
the species to reproduce itself and maintain its place in the midst of 
the competing species with which it lives. This maybe called its 
range value. It will be expressed by a high figure when the species 
appears at a large number of the horizons of the column examined, 
and when it is of rare occurrence in such faunules its numerator will 
be relatively small. 

The third kind of bionic value will be expressed by the abundance 
or rarity of individuals of the species in the particular faunal combi- 
nation of each faunule. This may be spoken of as frequency valu£. 

To estimate the predominant characteristics of the fauna, then, 
three measures of bionic values for each species may be summed up, 
and the species whose bionic values of these three kinds (viz, distribu- 
tion, range, and frequency values) reach the highest total average will 
constitute the standard dominant list of species of the particular fauna. 

The application and illustration of these rules are given in the 
preceding pages of this bulletin. 
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REVISED DEFINITIONS OF THE TERMS FAUNA AND FAUNULE. 

The term fauna is commonly used in paleontx)logy to indicate the 
list of fossils contained in a single formation, but it is important to 
observe that the limits of the lithological formation do not determine 
the limits of the fauna. It will be seen from the discussions of faunas 
and f aunules in this paper that a new definition of a fauna is required 
which shall not be dependent upon formation boundaries. The fol- 
lowing points should be included in such a definition: For paleon- 
tology a fauna is an aggregate of local and temporary faunules in 
which is expressed a common, corporate aggregate of organic species. 
The corporate nature of the aggregation is indicated by the relative 
bionic values maintained by the species in the faunal aggregate. 
The dominant species of a fauna show their relation to the fauna by 
their higher bionic values, the less dominant species by their low 
bionic value, and the fauna shows its integrity by maintaining the 
normal equilibrium of the specific aggregates. The Tropidoleptus 
carinatus fauna is defined in this report as an example of such a 
fauna. 

In the process of collecting fossils it is necessary to keep separate 
records of the specimens taken from each fossiliferous stratum of 
each separate outcrop. The group of specimens from such a unit 
stratum (or from several contiguous strata in which the same set of 
species are distributed) is called a faunule. It is a sample of the 
general fauna of the formation, coming from a definite horizon in the 
local section and from a definite geographical position. A faunule will 
exhibit the local and temporary aspects of the fauna, and in most 
cases it will contain only a small part of the species which properly 
belong to the general fauna. The faunule may be regarded as closely 
adjusted to a particular set of environmental conditions, which, 
though not known, may be to some degree inferred by the character of 
the sediment in which it is found. It is often observed, however, 
that successive faunules in a column of strata differ greatly, although 
very slight change in character of sediments is observed. Living 
faunas in modern ocean waters so differ on account of differences of 
temperature or other conditions of the water, and it may be supposed 
that such differences affected in a similar way the ancient geological 
faunas. 

The particular part of the formation, be it a single stratum, or a 
few or many feet of thickness of rock throughout which the faunule 
is recognized is properly a zone, as defined on page 20; and the 
locality, number, and name may be applied to the specimens of the 
faunule, as well as to the stratum or strata from which they came. But 
the faunule is the faunule of such a zone, and its proper name should 
be derived from the name of some dominant species (as Leiorhynchus 
glohvliforme faunule or Paracyclas lirata faunule) when the analysis 
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has been made and the character of the faunule has been fully estab- 
lished. 

In so designating the faunule the distinction between fauna and 
faunule is exhibited. We may speak of a TropidcHeptus faunule in 
the Chemung formation; this will indicate only a temporary recur- 
rence of the species and its associates in the midst of the Spirifer 
disjunctus fauna. In this case the species are not supposed to have 
stopped their existence when we pass above or' below the particular 
zone in which they occur. On the other hand, when the term Tropi- 
doleptus carinatiLS fauna is used the term includes not only all the 
species normally associated with Tropidoleptus carinatus in its dis- 
tributional metropolis, but all the adjustments and modifications 
through which the fauna passes in the course of both its migrations 
and its geological succession, so long as the dominant species, includ- 
ing Tropidoleptus carinatics, live. 

A fauna, therefore, may be modified and have a history, and its 
integrity may be discriminated by a set of dominant species, the 
fauna preserving its integrity and identity so long (in succession) 
and so far (in distribution) as the dominant species retain their 
ascendency among their associates. On the other hand, a faunule is 
limited to a single set of conditions and to a locality of limited extent, 
and may not be modified in composition without losing its identity. 

THE BIONIC TIME-SCALE. 

At the close of the paper « in which this subject of the bionic means 
of measuring geological time was first announced I gave a sample 
table of classification and nomenclature constructed on this basis and 
stated the general terms to be used in constructing such a time-scale. 
They were as follows : * 

Terms of the hionic time-scale, 

Chron. — ^An indefinite division of geological time. 

Oeochron, — The time equivalent of a formation. 

Biochron. — The time equivalent of a fauna or flora. 

Hemera. — The technical name for a monobiochron, indicated by the preserva- 
tion of the individual characteristics of all the species of a local faunule, as shown 
by the association in the rocks of the same species in the same relative abundance, 
size, and vigor. An example is the hemera of Rhynchonella {Hypothyria) 
cuhoides. 

Epoch, — The name of a dibiochron, indicating the time equivalent of the endur- 
ance of a particular species and of the integrity of the fauna of which it is the 
dominant characteristic . An example is the Tropidoleptus carinatus epoch , which 
corresponds closely to the limits of the Hamilton formation of eastern New York. 

Period. — May be defined as a tribiochron. This is the time equivalent of the 
continuance of a genus. An example is the Paradoxides period, which corre- 
sponds to the Acadian formation of the Cambrian system. 

a The discrimination of time values in geology: Jour. Geol., Vol. IX, 1901, pp. 570-685. 
bLoc.cit.,pp 583-584. 
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Era, — May be used to indicate a tetrabiochron; and Olenide erawonid indicate 
the life range of the family Olenidce, corresponding in length, approximately, to 
the geochron of the Cambrian system, though not strictly so. 

Eon, — May stand as the name for a i)entabioohron; an example of which is the 
Trilobite eon, the time equivalent of the continuance of the order, or subclass, 
THlobita, which closely approximates the length of the Paleozoic geochron. 

Classification and nomenclature of the Trilobite eon {Paleozoic) on the basis of 

the bionic values of fossils. 



Eon. 


Period. 


Ei)och. 


Formational equivalent 
(approximate). 




7. Phillipsian 

6. Phacopsian 

5. Calymenean 

4. Asaphian 

3. Olenian . . 


rCameratus 

Increbescens 

LoRftni 


Coal Measures. 
KaskasMa, St. Louis. 
Keokuk. Burlington. 


Trilobite 


Marionensis 

Disjunctus 

Mucronatus _ 

Acuminatus 

Arenosus 


Kinderhook. 

Chemung. 

Hamilton. 

Comiferous. 

Oriskany. 




Macropleurus 

fVanuxemi 

1 Radiatus 

(?) 

(?) 


Lower Helderberg 
Waterlime, etc. 
Niagara, etc. 
Ordovician. 




2. Paradoxidean 

1. Olenellian 


Cambrian. 



Ul)on reviewing the subject I am of the opinion that this table 
fairly expresses the difficulties to be encountered in applying the 
principles here set forth as well as the advantages. When the 
table was constructed the details of the present paper were not 
ready for presentation. I am able now to point out the method of 
application to the Devonian faunas which have been already sub- 
jected to analysis. 

The several faunas under consideration are the measures of epochs 
according to this scheme. We have thus: Tropidoleptus carinatus 
epoch, Olyptocardia speciosa epoch, ProducteUa speciosa epoch, Spiri- 
fer disjuncius epoch. 

Regarding these faunas and the time epochs indicated by them, it 
has been demonstrated that the range of time indicated by each epoch 
is not restricted to the particular formational limits in which the fauna 
is typically confined. 

The Tropidoleptus epoch laps over both of the following two and 
reaches to the beginning of the fourth. The epoch of the Olyptocardia 
speciosa fauna is prior to and follows the limits marked by the typical 
Productdla speciosa fauna at Ithaca. 

The Spirifer disjunctus fauna, though in general later than the 
other three faunas in the New York province, probably dates its 
origin from a much earlier stage outside that province, into which it 
most probably came by migration, and not as an evolution from the 
earlier inhabitants of the New York province. 
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We have thus demonstrated the lapping of the faunas. This is a 
perfectly legitimate conclusion on the presumption that each of the 
faunas is not the universally distributed marine life of a particular 
epoch, but the fauna of a particular environment of that epoch. We 
are perfectly familiar with this discordance in the limits of dynasties 
of different races of peoples in human history. 

The facts have also shown that migration — not of single species, 
but of the whole fauna, a shifting of the metropolis with the limits of 
distribution of the fauna as a corporate whole — has taken place. 

This has been expressed in relation to formations by a transgression 
of one fauna over another, thus calling for the assumption that the 
limits of a formation based upon sudden change in the fossil contents 
can not be regarded as synchronous for two parts of even the same 
province and, wherev^er they are thus sudden and sharp, can not be 
synchronous with the limits of either the earlier or later fauna in 
evidence. 

Nevertheless, with all this lapping, shifting, and incomplete expres- 
sion of the faunas, the statistics also demonstrate the intrinsic value 
of fossils for measuring and indicating time. The sediments, whether 
by their lithological constitution, their structural form, or their strati- 
graphical position, furnish no such positive evidence of points or 
durations of geological time. 

The bionic method of measurement of time relations, though in the 
present state of knowledge it can not be used as a substitute for the 
more apparent structure scale, will serve to make the imperfections 
of the present methods apparent. Our ignorance of the actual as 
well as relative life periods of the great majority of species of paleon- 
tology makes it impossible to reduce life periods to actual years or 
centuries. 

It is also to be said that for the practical purposes of geological 
mapping and the descriptions of geological structure the formations 
are the essential elements, and a chronological classification of them 
is a convenient rather than an essential one. 

Nevertheless, whenever the attempt is made to become accurate in 
establishing time equivalencies or correlations, it is in this direction 
we must turn. The collection of statistics along the lines here pro- 
posed will facilitate the formation of a definite time-scale for geology. 

It is by making our knowledge of the composition, the range, and 
the geographical distribution of fossil faunas more complete and more 
exact that our classification and correlation of geological formations 
is to be perfected. 

At present we know too little about fossil faunas to be able to pre- 
dict in what manner their actual time limits will be defined or dis- 
criminated, but enough light has already been thrown upon the 
matter to show that it will be by means of the history which organ- 
isms have expressed in their continuous life and evolution that we 
may expect ultimately to mark off the stages of geological time. 
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Department op the Interior, 

United States Geological Survey, 

Washington, Z>. C, June 5, 1902, 
Sir: I have the honor to transmit herewith for publication a' manu- 
script on stratigraphy and paleontology of the Upper Carboniferous 
rocks of the Kansas section, by Greorge T. Adams, George H. Girty, 
and David White. The stratigraphic portion of the paper is by Mr. 
Adams, the invertebrate paleontology by Dr. Girty, and the paleo- 
botany by Mr. Whit.e. It is an attempt to summarize the available 
information concerning the section of the Carboniferous in Kansas, 
and its chief value lies in the fact that it clears up the synonymy of 
the stratigraphy and presents extensive faunal lists and such data as 
are available concerning the flora. 

Very respectfully, C. W. Hayes, 

Geologist in Cliarge of Geology, 
Hon. Charles D. Walcott, 

Director United States Geological Survey, 
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STRATIGRAPHY AND PALEONTOLOGY OF THE UPPER 

ROCKS OF THE KANSAS SECTION. 




By George I. Adams, George H. Girty, and David White. 



INTRODUCTION. 

By Gbobge I. Adams. 

Present condition of reconnaissance work, — The Upper Carbonifer- 
ous rocks of eastern Kansas have been sufficiently well studied by 
careful reconnaissances to permit the establishment of a section which 
may furnish a standard of reference for a large portion of the west- 
ern interior Coal Measures area. The region here considered includes 
that part of the Carboniferous area of the State which lies south of 
the Kansas River. The formations have a general northeast-southwest 
strike. They are extensively represented in Missouri, Nebraska, and 
Iowa, but the portions of them that lie in these States are not con- 
sidered in this paper, the discussion being confined chiefly to the 
portions in Kansas that have been studied connectedly. To the 
southwest, in Indian Territory, the formations continue for a consid- 
erable distance — approximately to the Arkansas River — ^with char- 
acters similar to those observed in Kansas. Some of the formations 
in this portion of the field have been named and described, as the 
localities are not far distant from Kansas and the reconnaissances 
have been extended to them. 

The base of the Upper Carboniferous is marked by erosional uncon- 
formity, and apparently by an overlap of the higher formations, so 
that a very considerable thickness of the lower portion of the Upper 
Carboniferous is not represented in Kansas. The upper limit is not 
marked by a distinct stratigraphic or f aunal break, sedimentation in 
this region having been continuous from the Carboniferous into the 
Permian. The formations are sandstones and shales with inter- 
stratified limestones. The conspicuousness of the limestones and 
the facility with which their outcrop can be followed in the field 
has made it possible to extend accurate reconnaissances over a large 

13 
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area. The shales and saudstoues have been considered as intermedi- 
ate formations, their upper and lower limits being defined by the 
limestones. 

Purpose of this report. — Reconnaissance and tentative correlation 
across areas that were not sufficiently studied have resulted in mis- 
conceptions which it is desirable to correct so far as present data 
permit. The discussion here presented is the result of a careful 
review of previous stratigraphic work, and the study of intermediate 
portions of the field. Wherever there has been reason to doubt the 
accuracy of previous correlations or the identity of the formations 
the field has been revisited and restudied. There are, perhaps, inac- 
curacies in the conclusions here presented, but an attempt has been 
made to set forth as clearly as possible what has been learned by the 
reconnaissances made, with the hope that the results will show the 
necessity in future studies of more accurate observations and more 
detailed mapping. 

Authority and acknowledgments. — While the material embodied in 
this bulletin is derived from many sources, it is also based largely 
upon observations and studies that have not been previously reported. 
The stratigraphic portion of the paper is by Mr. Adams, and has as 
original sources his own field work and that done under his super- 
vision by Mr. John Bennett and Mr. J. W. Beede. The faunal lists 
^ and the remarks on them are by Dr. Girty, and are based upon his 
study of material gathered by Messrs. Adams, Bennett, and Beede 
during the progress of the stratigraphic work, and of special collec- 
tions made by them for the purpose of completing more fully the 
faunal lists. The portion of the paper dealing with the fossil flora is 
by Mr. White, and the source of his material is mentioned in his 
introductory remarks. 



STRATIGRAPHY OF THE REGION. 

By George I. Adamb. 

METHODS AND MATIGBIAIiS USED IN PREPARING THIS 

REPORT, 

Method of mapping employed. — The maps used in the field in mak- 
ing the reconnaissances here reported were the county maps of the 
State, and, so far as they were available, the topographic maps of the 
United States Geological Survey. The formations mapped were the 
limestones, and their lines of outcrop were referred to the section 
lines of the land survey. When it was impossible to traverse them 
in detail the mapping indicates more particularly the eastern border 
of the areas in which the limestones are found. The dip carries the 
limestones underground to the west. The accompanying maps (Pis. 
Ill, IV) show the lines of outcrop of the limestone formations as closely 
as the scale and the available data permit, but, as a result of erosion 
and of the occurrence of outcrops along stream valleys, these forma- 
tions, if examined in detail, will be found to occur at places not 
indicated on the maps. By mapping the limestones the intervening 
sandstones and shales have been limited and their approximate areas 
shown. 

Area inapped by Adams. — The mapping of formations from the 
southern border of the State northward to an irregular line passing 
through Bourbon, Allen, Woodson, Coffey, and Greenwood counties 
was done under the University Geological Survey of Kansas, princi- 
pally in the summer of 1896,® although it was largely facilitated by 
field work of the summer of 1893.* This information has already 
been used by the Kansas survey. The mapping of this area was par- 
tially reviewed in 1899 during a journey undertaken for the purpose 
of making paleontologic collections for the United States Geological 
Survey. 

In the summer of 1901 a reconnaissance was made into the Indian 
Territory along the outcrop of the Fort Scott limestone,*' the Drum 

aXJniv. Geol. Stiry. Kansas, Vol. m, 1896, preface. 
Mdem, Vol. 1, 1896, Chapter I. 

<; Oil and gas fields of Kansas, Indian Territory, Texas, etc., by Q. I. Adams: Bnll. U. S. GeoL 
Survey No. 184, 190^, p. 15. 
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limestone, and the Elk Falls limestone/' and correlations were made 
with sections in the Indian Territory, given by N. F. Drake.* 

Area mapped hy Bennett. — In the summer of 1901 Mr. Bennett 
traversed the outiii'op of the St.antou limestone fi'om Miami Ck)unty to 
Garnett, in Andereon C'ounty, for the purpose of correlation. He also 
extended the mapping of the formations from the limit of the work 
previously done hy Adams in Greenwood and Woodson counties north- 
ward through Lyon, Coffey, and Osage counties to Shawnee County, 
correlating with the mapi>ing done there by Beede. He also reviewed 
a portion of the mapping in Labette County done by Adams. In 
Indian Territory he traversed the outcrop of the Oologah limestones 
and verified some of the previcms work of Adams. Mr. Bennett's 
knowledge of the field, which he had gained thi'ough his connection 
with the University Geological Survey of Kansas, was of material 
assistance in this work. 

Arext Ttiapped hy Beede. — The nmpping of the formations in Shaw- 
nee County was done by Mr. Beede independently, and supplements 
his descripticm of the geology of Shawnee County.*' In the summer 
of 1901 he traversed the outcrop of the Barclay limestone from 
Shawnee County to Lyon County. This work connected with that 
done by Bennett, who mapped the same formation from Lyon County 
to Eureka, in Greenwood County. Mr. Bi^ede was also employed in 
the detailed survey of th(^ Cotton woml Falls quadrangle,^ the principal 
portion of which lies in Chase County, and reviewed in part the map of 
Lyon County, made as an independent piece of work by A. J. Smith.* 
The mapping of the formations in Lyon County was taken from the 
work of Mr. Smith, and was partially reviewed by Bennett and Beede, 
as above noted. 

The map by Haworth, reproduced in this report (PI. II), supple^ 
ments the mai>piiig above mentioned by showing, approximately, the 
extension of the formations to the northeast. 

The Cottonwood Falls folio should be referred to for the mapping 
of the formations above the Americus limestone in Chase and portions 
of adjacent counties. 

Method of correlatioiio — The correlations accepted in this report 
are based upon the information embodied in the mapping presented 
herewith. Each formation has been traced, so far as practicable, 
from the locality at which it was originally described to such other 
parts of the field as had to be studied to determine equivalents. This 
report may contain errors in correlation, due to mistakes made in 
following the formations across country, but it is hoped and believed 
that such errors, if found, will prove to be unimportant. 

aCarboniferoris and Permian age of the Bed Beds of eastern Oklahoma from stratilgrAphic 
evidence, by G. I. Adams: Am. Jour. Sci., 4th series, Vol. Xn, 1901, p. 884. 

& A geological reconnaissance of the coal fields of the Indian Territory, by N. P. Dralce: Proo. 
Am. Philos. Soc., Vol. XXXVI, 1897, pp. 32^-419. 

©Trans. Kans. Acad. Sci., Vol. XV, 1898, p. 27. 

d Geologic Atlas U. S., Cottonwood Falls folio, in preparation. 

« Trans. Kans. Acad. Sci., Vol. XVII, 1901, p. 190. 



ADAMS.] STBATIGRAPHY. 17 

Rules of nomenclature followed. — In determining what names should 
be applied to the formations described in this field the usage of the 
United States Geological Survey has been followed. For guidance 
in specific cases which have arisen the following rules have been 
formulated : 

1. The name adopted for a formation is the first geographic one pro- 
posed having an adequate definitioii; that is, a definition describing, 
or showing by means of a section, the character and succession of the 
beds composing the formation and indicating its upper and lower 
limits. 

2. The type locality of a formation is the place where the outcrop 
appears on which the original description was based. 

3. In case the mapping has shown that a named bed or series of beds 
is equivalent to one described and named earlier, the later name is 
regarded as a synonym, and is accordingly dropped. 

4. In deciding questions of priority the date of the publication con- 
taining names proposed has been referred to, and, in case two names 
have been proposed in the same publication, the first one used which 
was not already preoccupied has been adopted. 

5. In case the original definition was incomplete, but was adequately 
completed in subsequent descriptions of the same formation, by the 
same name, the original name is retained, provided no new name had 
been given prior to such adequate definition. 

6. In case it has been necessary to recognize new units within the 
limits assigned to a formation in previous descriptions, the first name 
given is, if necessary, retained for use in its original sense, and new 
names are given to the new units. 

7. The same geographic term is in no case adopted for more than 
one formation, even where additional designations had been given, as 
upper, or lower, or limestone, sandstone, shale, etc. 

E^SUM^ OF PREVIOUS PUBIilCATIONS. 

GENERAL MAPPING OF THE DIVISIONS OF THE CARBONIFEROUS OF 

KANSAS. 

The earliest information we have in regard to the Carboniferous 
formations of Kansas is derived from reports of exploring parties, 
who obtained scanty collections of fossils in traversing the eastern 
portion of the State. The more definite recognition of their extent 
followed the attempt to define their limits upon reconnaissance maps. 

1858, Hay den, — The first map that shows in part the extent of the 

Carboniferous rocks in northeastern Kansas was published by Hayden 

.in 1858,® and was accompanied by an article explanatory of the map 

and by a section from the mouth of the Platte River to Fort Benton. 

This map is reproduced here as fig. 1. A footnote states that the por- 

aProc. Acad. Nat. Sci. Phila., Vol. IX, 1857, p. 100. 

Bull. 211—03 2 
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tion of the map which relates to Kansan was based upon iuformation 
furnished by Maj. F. Ilawn, who was eonneced with the lineal survey 
of the State. Major Ilawn contributed his knowledge of the geology 
to various workers, and assisted Swallow in preparing his preliminary 
report of the geological survey of Kansas/' 




Fig. 1.— Sketch from a map >)y Hayden, 185H. 



1862, Hayden. — A subsequent map published by Hayden (repro- 
duced here as fig. 2) * is an outline reduction of a- map of Kansas, 
Nebraska, and Dakota. The portion of Kansas which is embraced is 
larger than in the map above mentioned (fig. 1). The formations 




Fig. 2.— Sketch from a map by Hayden, 1862. 

shown which are of interest here are the Carboniferous, the Permian, 
and the Red Beds, the latter being referred to the Jurassic. 

1872, Hayden, — In Ilayden's final report ^ of the survey of Nebraska 
and portions of adjacent Territories there is a map which shows a 
portion of northern Kansas. On this map the Carboniferous and 



nPrel. Rept. Geol. Surv. Kansas, 1866. 
& Trans. Am. Philos. Soc., new series, Vol. XII, 1863, p. 218. 

<? Final report of the U. S. Geological Survey of Nebraska and portions of adjacent TerritoiieB, 
made under the direction of the Commissioner of the Genei*al Land Office, Washington, 1872. 
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Permian areas are shown. Tlio positiou of tlie Permian as mapped is 
loo far to the west to agree with the descriptions in the report of its 
occurrence aloug the Kansas River. In the sketch presented here- 
with {fig. 3) a eorreetiou is sug) 




map by Haydeu, 1: 



1817, Kedzie. — In the text-book on the Elements of Agricultural 
Geology, published by William Kedzie for the schools of Kansas, a 
geological map is inserted (fig. 4.) It is evidently a modification of 
a map by Mudge, .since in the introduction the author acknowledges 
his indebtedness to the secretai-y of the agricultui-al boai-d for the use 




map 1>7 KedzlH, 18TT. 



of the geologic map of the State, and iVIudge was at that time State 
geologist. 

1S7S, Mudge. — The first biennial report of the State board ofagri- 
culture of Kansas for 1877-78 contains a map by B. F. Mudge, show- 
ing the surflcial strata of Kansas (fig. 5). The areuM ot "Ciua -ttvSts. 
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shown whicli are of interest here are the Coal Measures and the Upper 
Carboniferous. It is obvious on examination of the map that the 
limit of the Coal Measures was drawn relative to the localities pro- 




— Sketch from ■ map by Mudge, 18T8, 



duutive of coal, since it does not follow the strike of the rocks. The 
western limit of the Upper Carboniferous as shown is not much dif- 
ferent from that of the Permian and Red Beds as recorded on the 
latest maps. 




, ^ay.— Accompanying an article on the Geology and Mineral \ 

Itesources of Kansas by Robert Hay in the Eighth Biennial Report of 
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the state Board of Agriculture for 1891-92 there is a map on which 
18 shown approximately the boundary of some of the geologic divisions 
of Kansas. The accompanying sketch {flg. 6) shows the data which 




Pio. 7.— Sketch Irom ft map by WiUigton, 1806. 

are of interest in connection with the Carbon if ei-ous. No line is 
drawn between the Coal Measures and Permian. The area of the Red 
Beds is shown, and they are i-eferred to the Permian. 




1895, Williston. — A geologic map of Kansas by S. W. Williston," 
compiled for the particular purpose of showing the geologic divisions 
in the western portion of the Stjvte, classes the rocks of eastern Kansas 



CPPER CARBONIFEROUS OF KANSAS. 



[■PU^gll. 



with which wo itio liure dnaling ah Peniio-CarboniferouB and TriMssic, 
including; in the latter the area of the Red Beds. This map is here 
reproduced as fig. 7. 

1899, Hairiirfh.— The next general geologic map of the State of 
Kansas is a wmi perspective one by Erasmus Haworth" reproduced 
here as fig. 8. On it tlie areas of the Lower Coal Hreasiires, Upper Coal 
Measures, Pecniian, and Red JJeds ant shown. The division line 
between the I,ower aiul Uppei- Coal Measures is approximately the on© 
recognize*! by Uroadh4'ad l»etweeii the lower and middle dirisions in 
Missouri. The division line between the Upper ('oal Measures aud 
Permian is drawn at the horizon which was considered by ProsBer as 
the base of the Permian. 'ITie limit of the Red lieds is evidently 
drawn so as to iiicdude the area in whicli the Red Iteds color prevails. 
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1879, Drahe. — Accompanying the report of Dralio's reconnaissance 
of the coal field of tlie Indian Territory '' then- is a map showing divi- 
sions of the Oarlmnifei-ous, which were mapped by correlating the sec- 
tions that lie made. The divisions 
shown in the accompanying sketch 
{fig. 9) of the portion of northern 
Indian Territory lie re considered 
are the Lower Coal Measures, the 
Cavaniol and I'oteau groups, which 
are classed as Upper Coal Meas- 
ures, and the Permian. The terms 
Piu (i.-8ket'-h from n ma[i iiy Drak.>, ISM. " Cavaniol " and " Poteau " Were 
applieil to groups whose typical sec- 
tions are in the ChrKitaw Nation. It now appears that the rocks in 
the northern pait of the Indian Territjiry referred to them occupy a 
higher position in the general section. The mapping of the dtvisions 
has been shown to b(( untenable in this part of the field, becanse the 
limits of the divisions vut diagonally across the lines of strati fication.'^ 
The line at the l»is<! of the Permian was drawn by Drake at the 
horizon at which ho notfld the first appearance of fossils which he 
called Permian species. The Permian is made to include the Paw- 
huska limestone, wliicli Smitli had referred to the Upper Coal Meas- 
ures. Althoiigh the lin<! between the Pennian and Coal Measures is 
not extended on Drake's map to the bonier of Kansas, it appears 
from a comparison of its position with the position of the base of the 
Permian in Kansas as determined by Prosser that it is much lower in 
the section. 



"UniT. Oeol, Snrv. Kansfts. Vol. IV. lUW, PI. XXXI. 

fcA BOoIoBical reconualssftncB of thomal fleldHof tha I: 
Am. PhJloB. Soo., Vol. XXXVI, 1»B7, pp. 336-41(1. 

'Adams, Bull. V. S. Eleol. Surrey No. IM, IHOJ, i>. Iu8: h 
1901, p. 884. 
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PREVIOUS DETAILED 81RATIGRAPHIC 81TKVEYS- AND MAPPING. 

JS66, SwaUow: Preliminary report of the geological swvey of Kan- 
sas." — The first section of the Carboniferous rocks of Kansas which 
attempted to show their succession in detail was that by G. C. Swal- 
low.* In hia report the beds are numbered from top to bottom and 
brief notes on their characters and occurrences are given. No. 1 of his 




Indian Territory, 



section includes the portion of the Cretaceous which he observed. 
IJclow this he recognizes 355 Individual beds, which he classes as 
Triassic, Permian, Lower Permian, and Carboniferous. He describes 
simply most of the individual formations of the various series and 
states their thicknesses. The names assigned to the formations are 

1 The liteTHtore bere oltod to only that in wblch geographic nsmoH were used for some of the 
tPrel. Rept. Geol. Surv. Khuiws. Mm. pp. lA-ES. 
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descriptive of tiieir color, or their lithologic characters, or their fossil 
contents, or, in some cases, were of geographic significance. Those of 
the latter class are still admissible according to general usage. They 
are Fort Riley limestone, Stanton limestone. Pawnee limestone, Fort 
Scott limestone, and Fort Scott marble. The name * * Fort Scott marble " 
is applied to a local bed which has a thickness of only 1 foot 6 inches 
and which is of no stratigraphic importance. The Fort Scott limestone 
has been identified and the term is now in use, although in a some- 
what more extended sense than would be implied by the original defi- 
nition. The name * ' Pawnee limestone " is applied to the formation for 
which it was originally proposed. The Stanton limestone, as is 
recorded in this report, has now been identified from the locality 
of Stanton post-office, in Miami County. As a result of tracing the 
outcrop of this limestone a number of formation names which were 
subsequently proposed have been found to be synonyms. The Fort 
Riley limestone has been identified by Hay and Prosser, and has been 
assigned its proper place in the section. 

Although the section of the Carboniferous prepared by Swallow 
served the purpose of presenting th6 general features of the stratig- 
raphy, it is largely impaired by erroneous correlation. It appears 
that the errors were due to the fact that he considered the rocks along 
the Kansas River, in the vicinity of Topeka, the same as those in 
Miami County, which he called the Stanton series. This would account 
for the omission of a portion of the rocks which belong in the section, 
and in part for the inconsist'Cncies in the localities assigned to certain 
formations. 

1893^ Hay: Fort Riley section.^ — In a description of the geology 
and mineral resources of Kansas by Robert Hay there is given a sec- 
tion of the rocks exposed in the vicinity of Fort Riley. The individual 
beds are described and their thicknesses are stated. For two of them 
names are used. These are the Wreford limestone and the Fort Riley 
ledge. The latter is applied to the same limestone which was named 
the Fort Riley by Swallow. 

189 Ji, {January), Hatvorth, Kirk, and Piatt: Report on field tvork in 
geology,^ — This report, which embraces the results of the first season 
of work by the University Geological Survey of Kansas, contains gen- 
eral descriptions and sections of the formations of the Carboniferous 
of eastern Kansas. Sections drawn to scale were made along the 
routes traversed, and the formations were described and correlated 
in a tentative manner. No map accompanies this report. The sec- 
tions may be denominated as follows: The Neosho River section, by 
Haworth and Kirk; the Verdigris River section, by Haworth and 
Piatt; sections from Cherry vale to Lawrence and from Ottawa to 
HoUiday, by Haworth. 

a Eighth Bienn. Kept. Kansas State Board Agric, 1893, p. 104. 
fc Kansas Univ. Quart., Vol. U, 1894, pp. 99-142. 
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189 i {November), Prosser: Kansas River section of the Pernio- Car- 
boniferous and Permian rocks of Kansas.^ — In this paper, which deals 
with the stratigraphy and paleontology, the section along the Kansas 
River given by Swallow in 1866 is reviewed, corrected, and amplified. 
Reference is made to the work of Hayden and other geologists. This 
publication is, in a sense, preliminary to the "Classification of the 
Upper Paleozoic rocks of central Kansas," published in the Journal 
of Geologj^ by the same aruthor. 

1895 {April), Haworth: Stratigraphy of the Kansas Coal Meas- 
ures,^ — This article, which is published as a summary of the stratig- 
raphy of the Coal Measures prior to the publication of Volume I of 
the University Geological Survey of Kansas, discusses the character- 
istics of the Coal Measures formations and the division of them into 
Upper and Lower. It also describes the position of the coal beds. 
The article is accompanied by a general columnar section of the Coal 
Measures and a semiperspective map of eastern Kansas, showing the 
surface outcrops of the principal limestone formations which had been 
studied and correlated. 

1895 {October and November), Prosser: Classification of the Upper 
Paleozoic rocks of central Kansas.^ — In this paper, which reports 
the results of studies of the higher portion of the Carboniferous, 
detailed sections are described, and in some cases names are given to 
individual beds. Formations previously named by Swallow and Hay 
are identified, and correlations are attempted for a considerable area. 
The beds which are named are grouped into formations or stages, and 
the base of the Permian, as identified by Prosser, is determined from 
paleontologic evidence. 

1895 {December), Haworth: Stratigraphy of the Kansas Coal Meas- 
ures.^ — In this article the stratigraphy of the Coal Measures is out- 
lined, and the division into Upper and Lower Coal Measures is 
discussed prior to publication of the same matter in a more extended 
form in Volume I of the University Geological Survey. A general 
columnar section and map of eastern Kansas showing the lines of 
outcrop of some of the limestone formations accompanies the article. 
This map (reproduced here as PL I) is essentially the same as the 
one above noted,^ excepting that the name Garnett is used instead of 
Burlington for one of the limestones. 

1896, Hay: Geology of Fort Riley Military Reservation/ — In this 
paper the section of the rocks in the vicinity of Fort Riley is described, 
the columnar section being the same as that contained in the Eighth 
Biennial Report of the State Board of Agriculture for 1893. 

1896, Haworth and assistants: University Geological Survey of 
Kansas, Vol, I. — This volume, which is the first official report by the 
University Geological Survey of Kansas, was transmitted by Haworth, 

«Bull. Qeol. Soc. Am., Vol. VI, 1894, pp. 29-54. rtAm. Jour. Sci., 3d series. Vol. L, 1895, p. 452. 

fe Kansas Univ. Quart., Vol. Ill, 1895, p. 271. e Kansas Univ. Quart., Vol. IIt^\K>^^^ "^^- 

c Jour. Geol., Vol. IH, 1895, pp. 682-705 and 764-800. / BvxW. \5 . ^. Qt^oV ^x«^«^ ^^,^«V.^sKifc. 
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tained in this report, was done by George I. Adams, who was assisted 
by W. E. Ringle, and by John Bennett. 

1899^ Beede: On the Correlation of the Coal Measures of Kansas 
and Nehrasha,^ — In addition to paleontologic information, this paper 
contains references to the formations in Shawnee County and describes 
their continuation into Nebraska. 

1906^ Beede: Reconnaissances in the Blue- Volley Permian.^ — This 
paper furnishes information concerning the extension northward to 
the Nebraska line of the formations described by Prosser and others 
at localities along the Cottonwood and Kansas rivers. The paper is 
accompanied by a map showing Pottawatomie, Marshall, and portions 
of adjacent counties. 

1901^ Smith: Geological map of Lyon County. — In a paper on the 
Americus limestone, read before the Kansas Academy of Science, Mr. 
Alva J. Smith discusses the occurrence of this formation in Lyon 
County.^ He identified in the field the formation described by Kirk 
in his Neosho River section^ and traced its outcrop in detail. With 
this paper he published a map showing the outcrops of the other lime- 
stone formations over the larger portion of Lyon County. This map 
has been partially reviewed in the field and is incorporated in this 
report. 

()UTX.INE OF BETAILEB STRATIGRAPHY OF THE KAJN^SAS 
SJECTIOX, WITH PRELIMINARY FAUNAL LISTS. « 

CHEROKEE SHALES. 

Definition and synonymy. — The name Cherokee shales is applied 
to the heavy bed of shales, with some interstratified sandstones and 
thin and unimportant limestones, which lie at the base of the section 
of the Carboniferous in Kansas.-^ The lower limit of the formation 
in Kansas is the Mississippian series, upon which it rests uncon- 
formably. The upper limit of the Cherokee shales is the Fort 
Scott limestone. In defining the upper limit of the Cherokee 
shales the statement is made that they include all the shales below 
the Oswego limestone, unless the Swallow limestone ^ should prove to 
be ext-ensive, in which case the term should apply to the shales below 
the Swallow limestone. This limestone is unimportant, and the 
name, which was given in honor of the first State geologist of Kansas, 
is found only in its first description. Since the name Oswego is a 
synonym of Fort Scott, the latter is substituted in the original defi- 
nition. Within the formation certain sandstones have been named 



" Trans. Kansas Acad. Sci., Vol. XVI, 1899, pp. 70-84. 

^ Kansas Univ. Quart., Vol. IX, 1900, p. 191. 

f Trans. Kansas Acad. Sci., Vol. XVII, 1901, p. 189 

rfUniv. Qeol. Surv. Kansas, Vol. 1, 1896, p. 80. 

♦•Paunal lists by Dr. Q. H. Qirty. 

/Haworth and Kirk, Kansas Univ. Quart., Vol. II, 1894, p. 105. 

flrlbid., p. 105. 
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the Columbus sandstones,* but since they have proved to be of so 
little stratigraphic importance, they have been practically disre- 
garded. Mention of them has been made in one subsequent descrip- 
tion by Haworth.* 

Since the Cherokee shales are here discussed as a formation and 
definite limits are assigned to them, attention should be called to the 
fact that the tracing of the line of outcrop of the Fort Scott limestone 
into the Indian Territory shows that a much greater thickness of 
rocks there intervenes between it and the Lower Carboniferous, 
amounting in the central portion of the Indian Territory to approxi- 
*!jmately 9,000 feet. To the Cherokee shales in Kansas is assigned a 
thickness of approximately 450 feet. Since the contact of the shales 
with the Lower Carboniferous is one of unconformity and overlap, the 
details of which have not yet been studied, the base of the formation 
can not now be defined beyond the area recognized in Kansas. 

Character and extent of the formation. — The thickness of the Cher- 
okee shales, as obtained from the records of wells that have been 
drilled through them and by measuring the dip, is found to vary from 
place to place, but is usually between 400 and 500 feet. The average 
thickness is about 450 feet. Though the term shale has been applied to 
the formation, it contains beds of sandst>one, which in some localities 
are of considerable thickness and extent. In the area around Colum- 
bus sandstone beds have had a considerable influence in determining 
the topographic features, and for those occurring at that locality the 
name Columbus sandstone was proposed, but since they have not 
proved to be of sufficient stratigraphic importance they have not been 
differentiated from the Cherokee shales. There are likewise thin 
limestones of local importance, which appear in the upper portion of 
the shales, but their outcrops are inconspicuous, and they can not be 
referred to as persistent horizons. One of these beds was named the 
Swallow limestone, but it has not been mapped or traversed far from 
its type locality. The area of the Cherokee shales is a belt approxi- 
mately 20 miles wide, crossing the southeastern comer of the State. 
It includes Cherokee County (except the southeastern comer, where 
the rocks are Mississippian limestones), the eastern portion of 
Labette, the southeastern portion of Crawford, and the eastern bor- 
der of Bourbon County. 

Coal beds in the Cherokee shales, — ^The thickest and most valuable 
coal beds of Kansas occur in the Cterokee shales. A number of them 
are of only local importance, and since they occur at various horizons 
and have not been studied in detail they have i-eceived no definite 
names. The two beds which produce the most coal are known as the 
Weir-Pittsburg lower and upper beds. The lower has an average 
thickness of 40 inches and the upper an average thickness of 30 
inches. A higher bed has been called the Fort Scott coal, from its 

aKansaH Univ. Quart., Vol. II, 1894, p. 106. ^ Univ. Geol. Surv. Kansas, Vol. 1, 1896, pp. 87, 38. 
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occurrence near that town. This bed usually varies from 15 to 20 
inches in thickness, and has been mined by stripping at many locali- 
ties. It occurs a few feet below the lower member of the Fort Scott 
limestone, and in mining the coal not infrequently the limestone is 
quarried. The limestone and the coal form conspicuous beds, which 
are easily traced. The same coal bed is probably not coextensive 
with the limestone, but all the way from Fort Scott to near Claremore, 
in Indian Territory, coal is obtained at about the same horizon. The 
Cherokee shales, where they have been penetrated by drill holes in 
the area to the northwest of their outcrop, where they are overlain 
by a considerable thickness of the higher formations, have been found 
to carry valuable beds of coal. The coal mined at Leavenworth at a 
depth of over 700 feet is in the Cherokee shales. 

Preliminary faundi list.^ — This list is based on collections from four 
localities. 

Lophophyllum proliferum. Marginifera muricata. 

Lingula carbonaria. Spirifer cameratns. 

Chonetes mesolobus. Seminnla subtilita. 
Productus nebraskensis. 

FORT SCOTT LIMESTONE. 

Definition and synonymy. — The name Fort Scott limestone was first 
employed by Swallow in 1866,* but was by him applied only to the 
upper member of the formation, as here defined. Bennett^ in 1896 
described the upper member as the Fort Scott limestone and the lower 
as the Fort Scott cement rock, and calls the two the Oswego or Fort 
Scott limestone. The lower member is bed No. 217 of Swallow's sec- 
tion, described by him as an impure, brown and drab, hydraulic, con- 
cretionary limestone, in one bed 6 feet thick. The interval between 
the two members is occupied by shales, and, locally, by a thin coal 
bed. The name Oswego limestone was introduced by Haworth and 
Kirk,^ and included the two limestones. The lower is spoken of by 
Haworth^ as the Fort Scott cement rock. In a report by Adams/ the 
lower is called the Fort Scott cement rock, and it is stated that these 
two might well be called the Fort Scott limestone, but, since the name 
Oswego had already been introduced, it would be used for the present. 
In the same report^ the Oswego or Fort Scott limestones are regarded 
as the upper limit of the Cherokee shales. Haworth * says, concern- 
ing the terms by which these limestones should be designated, that, 
although the name Oswego has been used, the name Fort Scott would 



a The f aunal lists given in this bulletin have been prepared by Dr. Qirty. 

ftPrel. Kept. Geol. Surv. Kansas, 1866. 

"Univ. Geol. Surv. Kansas, Vol. 1, 1896, pp. 89-«l 

^Kansas Univ. Quart., Vol. II, 1894, p. 105. 

«Idem, Vol. HI, 1896, p. 273. 

/Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 21. 

(Tlbid., p. 22. 

*Ibid., Vol. I, p. 41 
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be equally convenient. Ilaworth'H" final usage is to apply the name 
Fort Scott to the individual members and the name Oswego limestone 
to the whole formation. In a geologic section through Fort Scott 
to Nevada, Mo., by Hay,* the limestones at Fort Scott are shown and 
denominated the Fort Scott limestone and the Fort Scott "cement" 
limestone. It has been shown ^ that Oswego had already been used 
by Prosser^ as the name of the formation in the Silurian of New 
York, and is therefore preoccupied, and that, inasmuch as the name 
Fort Scott has been extended to the lower of the two members, and 
was proposed by Swallow for the upper and more important one, it 
should be accepted as a formation name for these closely associated 
limestones. 

Character and extent of the /(yrrnation. — The Fort Scott limestone 
as exposed at FoH Scott is described by Bennett as consisting of a 
lower limestone member 4=^ feet thick, which is the rock used for 
making hydraulic cement , and an upjier limestone member from 10 
to 14 feet in thickness,- which was the original Fort Scott lime- 
stone described by Swallow and by him stated to have a thick- 
ness of from 8 to 18 feet. In the interval between the lower and 
upper limestone meml)ers there is a sliale member, which is usually 
about 7 feet thick. The line of outcrop of the FoH Scott limestone 
has been traced continuously from the Missouri line, near Fort Scott, 
southwestward to the IndiauTerritory line, and thence into the Indian 
Territory to the Arkansas River south of Catoosa. 

Preliminary faujud lists. — This list is based on collections from the 
lower limestone member, obtained at three localities. 

Fusulina cylindrica. Productus ptmctattis. 

Sponge. Productus cora. 

Aulopora ? sp. Productus nebraskensis. 

Syringopora ? sp. Spirifer cameratus. 

Lophophyllum proliferuin. Seminula subtilita. 

Campophyllum torquium. Allerisma tenninale. 

Prismopora sp. Edmondia sp. 

Rhipidomella pecosi. Trepospira sphaerulata. 

Meekella striaticostata. Naticopsis altonensis. 

Chonetes luesolobus. Loxonema ? sp. 
Productus semireticulatus. 

The following list is based on collections from the middle shale 
member, obtained at two localities : 

Axophyllum rude. Marginifera muricata. 

Orbiculoidea missouriensis. Ambocoelia planiconvexa. 

Rhipidomella pecosi. Spirifer cameratus. 

Chonetes mesolobus. Spiriferina kentuckyensis. 

Chonetes flemingi. Cleiothyris orbicularis. 



a Univ. Geol. Surv. Kansas, Vol. Ill, 1898, p. 30. 

& Fifth Bien. Rept. Kansas State Board Agr., 1887, p. 204. 

c Adams, Bull. U. S. Geol. Survey No. 184, 1902, footnote, p. 15. 

rfBuU. Geol. Soc. Am., Vol. IV, 1892, pp. 100, 108, 116. 
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The following list is based on collections from the upper limestone 
member, obtained at six localities : 

Fusulina cylindrica. Marginifera muricata. 

Chaetetes milleporaceus. Marginifera wabasbensis. 

Syringopora ? sp. Spirifer cameratus. 

Axophyllum rude. Squamularia perplexa. 

Polypora sp. Ambocoelia planiconvexa. 

Fenestella sp. Seminula subtilita. 

Rbombopora lepidodendroides. Cleiothyris orbicularis. 

Meekella striaticostata. Hustedia mormoni. 

Cbonetes mesolobus. Aviculopecten occidentalis. 

Cbonetes flemingi. Euchondria neglecta. 

Productus semireticulatus. Edmondia sp. 

Productus n. sp. Ostracoda. 
Productus punctatus. 

LABETTE SHALES. 

Definition and synonytny. — The name Labette shales is applied to 
the formation lying between the Fort Scott limestone and the Pawnee 
limestone. The term was introduced by Haworth ^ and applied to this 
interval, although in the definition the name Oswego limestone was 
used instead of Fort Scott. In describing the formation succeeding 
the Fort Scott limestone, the name Laneville shales was used provi- 
sionally,* and was made to include the interval up to the base of the 
Erie limestone, the Pawnee limestone and other intervening forma- 
tions not being observed in the section. Similarly Adams ^ used the 
term Pleasanton shales, correlating the formation with the beds 
described as such by Haworth ^ in the formation succeeding the Fort 
Scott, and supposing the Altamont was the equivalent of the lower 
Erie, and failing to recognize the Pawnee limestone in the section, 
gave as the upper limit of the shales the base of the Erie. The 
accepted use of the term Pleasanton shales is stated later in this 
paper. The name Laneville shales is now nowhere used, since it was 
applied to rocks occurring in an interval which embraces several 
formations. 

Character and extent of the formation. — The Labette shales vary 
from 30 to 60 feet in thickness. Their outcrop forms an irregular 
belt, limited by the Fort Scott and Pawnee limestones. They carry 
relatively little sandstone and no coals of recognized importance, 
although a bed from 6 to 8 inches thick has been stripped in the 
vicinity of Prescott. 

Preliminary faunal list. — The following list is based on collections 
obtained from two localities : 

Lophophyllum proliferum. Chonetes mesolobus. 

Rhombopora lepidodendroides. Nucula ventricosa. 

Derbya crassa. 

a Univ. Qeol. Surv. Kansas, Vol. HE, 1898, p. 96. 

b Haworth and Kirk, Kansas Univ. Quart., Vol. II, 1894, p. 108. 

cUniv. Qeol. Surv. Kansas, Vol. 1, 1896, p. 22. 

d Kansas Univ. Quart., Vol. HI, 1895, p. 2t4. 
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PAWNEE LIMESTONE. 

Definition and synonymy, — The name Pavmee limestone is applied 
to a heavy limestone formation which outcrops on Pawnee Creek, 
southeast of Fort Scott. It was first used by Swallow,'' and is bed 
No. 203 of his section. The formation was identified by the Kansas 
University survey, and has been generally recognized. In the sec- 
tion along the Neosho River by Ila worth and Kirk* this formation 
was omitted, as it was also by Adams.^ 

Character and extent of the formation. — ^The thickness of the Paw- 
nee limestone, as given by Swallow, is 20 to 25 feet. Bennett, who 
has studied it more in detail, reports it to be 35 feet thick at certain 
exposures, and in a well near Red field it was found to be 52 feet 
thick. Its thickness varies considerably from place to place. Its 
outcrop has been easily traced from Bourbon County southwestward 
into Labette County. There, however, it is inconspicuous, and its 
presence is indicated by the occurrence on the surface of masses of 
flint, which result from its disintegration. Its extent beyond the 
border of the State southwestward is questionable. 

Preliminary faunal list, — The following list is based on collections 
obtained from three localities: 

Fnsnlina cylindrica. Productus semiretictilattis. 

Lophophylluin prolifenun. Marginifera wabashensis. 

Lopbopbylltim westi. Sqiiamularia perplexa. 

Zaphrentis ? sp. Ambocoelia planiconveza. 

Syringopora ? sp. Seminnla subtilita. 

Cbaetetes milleixjraceus. Cleiotbyris orbicularis. 

Rbipidomella pecosi. Hustedia monnoni. 

Chonetes flemingi. Naticopsis altonensis ? 

BANDERA SHALES. 

Definition and synonymy, — The term Bandera shales is here applied 
to the rocks occupying the interval between the Pawnee limestone 
and the Altamont limestone. These shales are the equivalent of the 
Lower Pleasanton shales of Ilaworth. The term Pleasanton shales, 
applied to the beds between the Pawnee limestone and the Erie lime- 
stone, was introduced bj'^ Haworth.^ At that time it was supposed 
that the Altamont limestone was the lower member of the Erie forma- 
tion. In a description of the shales by Kirk and by Bennett, and in the 
correlation by Haworth,^ an 8-foot limestone is included in the shales. 
The Altamont limestone was found to be continuous with this lime- 
stone, and accordingly the Pleasanton shales were divided into the 
Upper Pleasanton shales and the Lower Pleasanton shales.-^ In the 

aPrel. Eept. Geol. Surv. Kansas, 1866, p. 24. 

b Kansas Univ. Quart., Vol. n, 1894, p. 108. 

cUnlv. Geol. Surv. Kansas, Vol. 1, 1896, p. 22. 

tfKans. Univ. Quart., Vol. Ill, 1895, p. 274: also Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 44. 

<Loc. cit., pp. 74, 93, and 153, respectively. 

/Haworth, Univ. Geol. Surv. Kansas, Vol. m, 1896, p. 39. 
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northward extension of these formations it is thought that tlie Alta- 
moht limestone thins and is finally absent in the vicinity of Pleas- 
anton, where the term Pleasanton shales is applicable to the rocks 
occupying the whole interval. 

Character and extent of the formation, — On the Marmaton River, 
near Bandera, this formation is variable in character and carries 
considerable thin-bedded sandstone, which is quarried for flagging. 
Its thickness may be stated tentatively as 100 feet. The formation 
varies in character throughout its lateral extent, but west of Far- 
lington, near Brazilton, and near the Neosho River east of Parsons, 
flagging similar to that obtained near Bandera has been quarried. 
This shale carries some coal, which has been mined near Pleasanton, 
but contains no bed which has been extensively developed or is 
known to be persistent for any considerable distance. 

PARSONS LIMESTONE. 

Definition and synonymy. — This formation was first described by 
Adams ^ as the Altamont limestone, from its occurrence at Altamont, 
but was correlated with the lower member of the Erie. * It has since been 
shown that it is a distinct formation, which in its northward extension 
is continuous with the 8-foot limestone described by Bennett,^ and, 
thinning, is probably finally absent from the section. The lower 
limestone at Altamont, continuing southwestward into the Indian 
Territory, becomes more important and is the equivalent of one of 
the beds exposed near Oologah, to which the name Oologah limestone 
was applied by Drake. ^ The name Parsons, here adopted, is from 
Parsons, Labette County, Kans., near which the formation is well 
exposed. 

Character and extent of the formation. — The Altamont limestone is 
not well exposed in the vicinity of Altamont, and, although there are 
surface outcrops near by, its thickness can not be accurately stated. 
Along the Marmaton River it appears to be represented by a bed 8 
feet thick. Farther south this bed thickens somewhat, and a second 
one is associated with it. These may be seen outcropping near Par- 
sons, where a quarry has been opened in the lower one. South of 
Altamont the limestones are of much importance, and from there 
southward to the State line and in their outcrop westward to Coffey- 
ville are seen to be separated into two distinct members by 15 feet or 
more of shale. 

Preliminary faunal lists. — The following list is based upon collec- 
tions from the Parsons limestone obtained from two localities : 

Lophophyllum proliferum. Chonetes flemingi. 

Orbiculoidea missouriensis. Productus nebraskensis. 

Chonetes glaber. Marginifera wabashensis. 

a Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 22. c Ibid., p, 83. 

b Ibid., p. 25. d Proc. Am. Philos. Soc., Vol. XXXV ta«^" ,^ /^cv . 
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Amboccelia planiconvexa. Hnstedia mormoni. 

Squamnlaria perplexa. Nncnla ventricosa. 

Seminnla snbtilita. Plenrotomaria sp. 

Pugnax Utah. Trepospira sphaemlata. 

The following list was obtained from the lower limestone member 
of the Altamont, based on collections from five localities: 

Spooge ?. Prodncttis semireticnlattifl. 

Chaetetes milleporacens. Marglnifera wabashensis. 

Crinoidal frag. Squamnlaria perplexa. 

Stenopora sp. Seminnla snbtilita. 

Orbicnloidea missonriensis. Dielasma bovidens. 

Derbya crassa. Soleniscns sp. 

Meekella striaticostata. Bellerophon crassns ?. 

Chonetes mesolobns. Bellerophon indt. 

The following list is based on collections from the upper member 
of the Parsons limestone obtained from six localities: 

Lophophyllnm prolifemm. Spiriferina kentnckyensis. 

Campophyllnm sp. Amboccelia planiconvexa. 

Chaetetes milleporacens. Seminnla snbtilita. 

Cladopora sp. Cleiothyris orbicnlaris. 

Crinoidal frag. Hnstedia mormoni. 

Archaeocidaris sp. Dielasma bovidens. 

Prismopora serrata. Pngnax ntah. 

Fistnlipora sp. Pugnax rockymontana. 

Fenestella sp. Pleurophoms sp. 

Orbicnloidea missonriensis. Astartella vera. 

Derbya crassa. Leda bellistriata. 

Meekella striaticostata. Nncnla ventricosa. 

Chonetes mesolobns. Orthoceras mshense ?. 

Chonetes flemingi. Dentalinm? sp. 

Marginifera splendens. Naticopsis sp. 

Marginif era wabashensis. Enomphalns snbmgosns. 

Prodnctns semireticnlatns. Phanerotrema grayvillense. 

Prodnctns semireticnlatns var. Worthenia tabnlata. 

Prodnctns pnnctatns. Trepospira sphaemlata. 

Spirifer cameratns. Enphemns carbonarins. 
Sqnamnlaria perplexa. 

DUDLEY SHALES. 

Definition and synonymy. — The name Dudley shales is here applied 
to the beds occupjdng the interval between the Parsons limestone and 
the Hertha limestone, which, as explained above in the discussion of 
the synonymy, are the equivalent of Ilaworth's Lower Pleasanton 
shales. 

Character and extent of the formation, — The thickness of the Dud- 
ley shales along the Marmaton River, as estimated by Bennett, is 
about 150 feet. The formation carries some sandstone and some thin 
beds of limestone, which, however, have not been found important 
stratigraphically. These shales thicken to the northwest. Along the 
Neosho River they are extensively developed, but near Altamont, 
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where the Parsons limestones thicken up, the shales are thinner. 
There are no coals of importance in this formation, although a num- 
ber of thin beds are known to occur. 

HERTHA LIMESTONE. 

Definition and synonymy. — The name Hertha limestone is here 
introduced for the limestones succeeding? the Upper Pleasanton shales 
as exposed in the vicinity of Hertha. This series of beds is the 
equivalent of 'the lower member of the Erie formation, for which no 
specific name has been used in Kansas. Ha worth * in his correlation 
says that it is probably a continuation of the Bethany Falls limestone. 
This term was first used by Broadhead * for the formation occurring 
at Bethany, Harrison County, Mo. This locality is so far distant 
and there is so little certainty in our present knowledge of the con- 
tinuation of the limestone to that place that it is thought best not to use 
the term in describing this formation, but should the correlation be 
established Bethany would displace Hertha, except in local usage. 

The name Erie limestone was proposed by Haworth and Kirk in 
1894.^ Later the formation was called the Erie or Triple limestone 
by Haworth ^ and was recognized as consisting of three members sepa- 
rated by thin shales. It was also considered as a triple formation by 
Kirk^ and by Bennett. ^ In their southward extension the interven- 
ing shales thicken, and individual members are described as inde- 
pendent formations. In this bulletin the three beds of which the 
Erie is composed are regarded as separate formations where they are 
independently developed, and are described as the Hertha, Dennis, 
and Drum limestones. 

Character and extent of the formation, — The Hertha limestone, 
where its outcrop is farthest separated from the Dennis and Drum 
limestones, has a thickness of about 10 feet. Where it has been 
described as constituting the lower member of the Erie, it has a 
thickness of about 20 feet. The detailed section of this formation 
varies from place to place, as the character of the bedding of the 
rock varies from a massive limestone to a thin-bedded limestone with 
intercalated shale members. This formation thins out and disap- 
pears in the hills northwest of Altamont. • Its extent from there to 
the northwest is continuous, and it reaches its greatest importance 
where it is most closely associated with the Dennis and Drum forma- 
tions, from the Neosho River to the Missouri line. 



a Univ. Geol. Surv. Kansas, Vol. Ill, 1898, pp. 45, 46. 

b Missouri Geol. Surv., 1872. 

c Kansas Univ. Quart., Vol. II, 1894, p. 108. 

didem. Vol HI, 1895, pp. 275, 276. 

e Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 76. 

/Ibid., p. 95. 
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Preliminary faunal list. — The following list is based on collections 
from two localities: 

Lophophylltiin westi. Semintda snbtilita. 

Stenopora sp. Dielasma bovidens. 

Fistnlipora sp. a. Pinna? peracnta. 

Fistnlipora sp. b. Myalina perattennata. 

Chonetes flemingi. Edmondla refleza ? 

Productos cora. Schizodns sp. 

Prodnctns nebraskensis. Naticopsis sp. a. 

Marginifera splendens. Naticopsis sp. b. 

Spirifer cameratns. Bellerophon crassus. 

Sqnamnlaria perplexa. Enphemns ncdocarinatns. 

Spiriferina kentuckyensis. Phillipsia sp. 

GALESBURG SHALES. 

Definition and synonymy. — This name is here applied to the rocks 
occupying the interval between the Hertha limestone and the Dennis 
limestone. This formation is the equivalent of the Mound Valley 
shales of Haworth. ^ Before these were called the Mound Valley shales 
they had been described but not named. 

Character and extent of the formation. — Near Mound Valley, where 
this formation was first differentiated and named the Mound Valley 
shales, its thickness is about 100 feet, and the interval is practically 
all occupied by sandy shales. At that point the lower limit can not 
be definitely pointed out, because the Hertha limestone, which marks 
the lower limit of the Galesburg formation, is probably absent from 
the section. In the vicinity of Galesburg the thickness of the shales 
is about 75 feet, but northward, along the Neosho River, it decreases 
rapidly, and beyond that stream is reduced to only a few feet, becom- 
ing, in fact, simply a shale member of the Erie formation as defined 
by Haworth and Kirk. 

DENNIS LIMESTONE. 

Definition and synonymy. — The name Mound Valley limestone was 
proposed in 1896 for the limestone exposed on the hills northwest of 
Mound Valley,* and the bed was correlated with the middle member 
of the Erie. ^ The formation, as exposed at Cherry vale, had been 
previously described but not named, and had been incorrectly cor- 
related with the Oswego of Haworth. ^ Tlie name Dennis, from the 
town of that name in Labette County, Kans., near which it is con- 
spicuously exposed, is now proposed for this limestone. 

Character and extent of the formation. — This formation has a thick- 
ness of from 10 to 15 feet, and varies from a heavy-bedded limestone 
to a thin-bedded limestone with shale partings. It has been traced 



« Univ. Geol. Surv. Kansas, Vol. Ill, 1898, p. 47 

b Adams, idem, Vol. 1, 1896, p. 23. 

<• Ibid., p. 25. 

^Kansas Univ. Quart., Vol. II, 1894, p. 118; also p \2i. 
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from Mound Valley soiithwestward to the Verdigris River, near Lib- 
erty, where it thins out. From Mound Valley its outcrop extends in 
an irregular line to the Neosho River, where the formation is closely 
associated with the underlying Ilertha limestone and the overlying 
Drum limestone as a result of the thinning of the adjacent shales. 
In this portion of its extent it has a thickness of about 20 feet. 

Preliminary faunal list. — The following list is based on collections 
from two localities : 

Polypora sp. a. Productus sp. 

Polypora sp. b. Spirifer cameratns. 

Productus punctatus. Squamularia perplexa. 

Productus cora. Seminula subtilita. 

Productus semireticulatus. Pinna? peracuta. 

Productus nebraskensis. Bellerophon sp. 

CHERRYVALE SHALES. 

Definition and synonymy, — This name was first used by Haworth,^ 
and is applied to the bed of shales lying between the Dennis limestone 
and the Drum limestone as exposed at Cherryvale. In the previous 
descriptions of the bed no name had been applied to it. 

Character and extent of the formation, — The thickness of the 
Cherrj^vale shales at Cherryvale is given as 120 feet by Haworth. In 
this locality they contain but little sandstone. They thin rapidly 
northward, and at the Neosho River become simplj' a shale member 
of the Erie formation, which is there composed of the Hertha, Dennis, 
and Drum limestones and intervening shales. 

DRUM LIMESTONE. 

Definition and synonymy. — The name Independence limestone was 
first used provisionally by Haworth and Piatt ^ for the limestone 
exposed at Independence, Kans., which was at that time erroneously 
correlated with the Oswego limestone. Exposures of the formation 
at Cherryvale were also described and correlated with the whole of the 
Erie.^ Subsequently the name Independence was used by Adams'^ 
for the limestone which is exposed at the original locality, and the 
formation was correlated with the upper member of the Erie. ^ The 
name has since been used in this sense, but is preoccupied by the 
Independence shales in the Devonian of lowa,-^ and tlie name Drum 
limestone, from Drum Creek, Kansas, where it is conspicuously 
exposed, is adopted. 

Character and extent of the formation. — The thickness of this for- 
mation at Independence is fully 40 feet at the river bank, where it 

a Univ. Qeol. Surv. Kansas, Vol. m, 1898, p. 47. 

b Kansas Univ. Quart., Vol. II, 1894, p. 115. 

clbid.,pp. 118, 119. 

dUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 23. 

c Ibid., p. 25. 

/Calvin: Am. Jour. Sci., 3d series. Vol. XV .,\*'i*>\>\>. ASRV-V^. 
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occurs as a massive ledge. From there southward toward the State 
line it changes in character, becoming thin bedded and more argilla- 
ceous. To the northwest it maintains its importance, although some- 
what thinner, and at the Neosho River is the upper member of the 
Erie formation, and has a thickness of about 25 feet. 

Preliminary faunal lust. — The following list is based on collections 
from two localities: 

Lophophyllum sp. Dielasma bovidens. 

Fenestella (several sp.). Pugnax utah. 

Fistnlipora sp. Avicnlopecten sp. 

Productus norwoodi. Aviculopecten carbbnifems. 

Productns cora. Myalina i)erattenuata?. 

Prodnctus nebraskensis. Myalina sp. 

Productus n. sp. Pinna? peracuta. 

Spirifer cameratus. - Edmondia aspinwallensis. 

Squamularia perplexa. Pleurophorus sp. 

Spiriferina kentuckyensia. Euconispira sp. 

Seminula subtilita. Phillipsia major. 

CHANUTE SHALES. 

Definition and synonymy. — This bed of shales was described and 
named bj^ Haworth and Kirk.'' The term Chanute was also used in a 
section given by Haworth.^ Subsequently the name Thayer shales 
was introduced for the same bed,'* and this term was used by Adams.'^ 
Haworth in a footnote in a paper on the stratigraphy of the Kansas 
Coal Measures, published in 1895,^ states that the shales were called 
the Chanute shales by Haworth and Kirk, but that the name was 
subsequently changed to Thayer shales.- It seems that there was 
no reason given for the change, and that the term Thayer shales, 
although known to be a synonym, was nevertheless used in subse- 
quent i^ublications by the Kansas sui*vey. 

Character and extent of the formation. — This formation reaches a 
thickness of fully 200 feet and is one of the important shales of the 
section. Along the Neosho River, in the vicinity of Chanute, it carries 
but little sandstone. Southward, in the vicinity of Thayer, and from 
there to the Indian Territory, the amount of the sandstone is so consid- 
erable as to form conspicuous outcrops within the area of the formation. 
Northwestward the shales are thinner, and toward the Missouri line 
become much less important than in their type locality. Near 
Thayer a coal bed occurs, which has been mined considerably for 
local use. Southward, toward the Indian Territory, coal is known to 
occur at several places within this formation, but is nowhere thick 
enough to be of commercial importance. 

a Kansas Univ. Quart., Vol. H, 1894, p. 109. 
ftlbid., p. 124. 

c Haworth, Idem, Vol. m, 1895, p. 276. 
dUniv. Geol. Snrv. Kansas, Vol. 1, 1896, p. 24. 
« Am. Jour. Sci., 8d aeries, Vol. L, 1896, p. 459. 
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EARLTON LIMESTONE. 

Definition and synonymy, — The first description of this limestone 
was given by Haworth and Piatt ^ at the locality of Altoona, though 
certain outcrops of the lola were confused with this in the description, 
and the whole was referred to the Erie formation. The Earlton lime- 
stone was not recognized as distinct from the lola until it was described 
by Adams in 1898.* The formation was subsequently referred to under 
this name by Haworth. ^^ 

Character and extent of the formation, — To the Earlton limestone 
may be assigned a thickness of 15 feet, although it is variable in char- 
acter and does not occur in a single bed. It has been studied in only 
a limited area from the Neosho River south westward to the Verdi- 
gris. Apparently this limestone becomes closely associated with the 
lola northward, and southward separates into beds which gradually 
thin out and disappear. 

Preliminary faunallisL — The following list is based upon collec- 
tions from three localities: 

Amblysiphonella sp. Avicula sp. 

Lophophyllum westi. Aviculopecten carboniferus. 

Fenestella sp. Aviculopecten whitei. 

Polypora sp. Aviculopecten occidentalis. 

Pinnatoi)ora sp. Streblopteria sp. 

Ehombopora lepidodendroides. Lima retifera. 

Thamniscus sp. Monopteria ? sp. 

Fistulipora carbonaria. Conocardium sp. 

Derbya crassa ?. Pleurophorus sp. 

Chonetes flemingi. Edmondia sp. 

Productus punctatus. Platyceras nebraskense. 

Productus semireticulatus ?. Trepospira sphaerulata. 

Spirifer cameratus. Worthenia tabulata. 

Seminula subtilita. Pleurotomaria sp. 

Spiriferina kentuckyensis. Solenisous sp. 

Pugnax Utah. Loxonema sp. 

Dielasma bovidens. Orthoceras sp. 

Squamularia perplexa. Nautilus sp. 
Hustedia mormoni. 

VILAS SHALES. 

Definition and synonymy, — These shales occupy the interval 
between the Earlton limestone and the lola limestone, and were so 
defired by Ha worth. ^^ 

Character and extent of the formation, — The thickness of the Vilas 
shales is probably not greater than 75 feet. Where the Earlton lime- 
stone is closely associated with the lola, the bed probably thins out. 
Southward, when the Earlton limestone disappears, the Vilas shales 
blend with the lower shales adjacent to them. 

aKansas Univ. Quart., Vol. n, 1894, pp. 115, 116 h Idem, Vol. VII, 1898, p. 96. 

c Univ. Geol. Surv. Kansas, Vol. UI^ 1898^ i». &V. 
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lOLA LIMESTONE. 

Definitian and synonymy, — This name wa« introduced by Ha worth 
and Kirk for the limestone exposed at lola.^ The formation has been 
generally correctly correlated. 

Character and extent of the formation, — The thickness of this for- 
mation at lola is about 30 feet, where it occurs as a massive bed. 
Along the line of its outcrop, which is traced with little difl&culty, it 
maintains its importance nearly to the Indian Territory line, where it 
separates into thin beds and is relatively inconspicuous. 

Preliminary faunal list. — The following list is based on collections 
from nine localities. 

Fusnlina cylindrica. Prodnctns sp. 

Lophophyllum westi. Marginifera wabashensis. 

Lophophyllum prolifenim. Proboscidella sp. 

Chaetetes milleporaceus. Spirifer cameratus. 

Enpachycrinus sp. Squamnlaria perplexa. 

Fistulipora sp. Spiriferina kentuckyensis. 

Fenestella sp. • Seminula subtilita. 

Septopora sp. Dielasma bovidens. 

Crania sp. Avlculopecten interlineatns. 

Rhipidomella pecosi. Pseudomonotis aeqnistriata. 

Enteletes hemiplicatus. Myalina subquadrata. 

Derbya crassa. Myalina swallowi. 

Meekella pyramidalis ?. Yoldia sp. 

Chonetes flemingi. Schizodns sp. 

Prodnctns nebraskensis. Enconispira sp. 

Prodnctns cora. Phanerotrema grayvillense. 

Prodnctns semireticnlatns. Soleniscns ponderosns ?. 

Prodnctns norwoodanns. Naticopsis ? sp. 

Prodnctns pnnctatns. Lei>erditia sp. 
Prodnctns snbhorridns ?. 

LANE SHALES. 

Definition and synonymy, — This name is given to the bed of shales 
lying between the lola limestone and the Stanton limestone. The 
name was first introduced by Ilaworth,* and was applied to the shales 
lying between the Carlyle limestone and the Garnett or Burlington 
limestone at Lane. It has since been learned, as best the writer is 
able to understand, that the limestone there considered to be the Car- 
lyle is the lola, and that the limestone spoken of as the Garnett or Bur- 
lington is the same formation that was described as the Carlyle lime- 
stone and is now called the Stanton. Haworth says : ^ * ' Passing upward 
from the lola limestone and leaving unnoticed a shale bed 40 to 50 
feet thick and a limestone one-fourth as great, we come to the Lane 
shales." This shale bed, 40 to 50 feet thick, is probably the equiva- 
lent of th^ bed at lola, which is now correlated with the Lane shales, 



a Kansas Univ. Quart., Vol. II, 1894, p. 109. ^idem. Vol. Ill, 1895, p. 277. 

c Am, Jour. Sci., 3d series, Vol. L, 1896 p. 460. 
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and the limestone is probably the Stanton limestone. Ilaworth^ 
describes the Garnett limestone as immediately above the Lane 
shales. Later* Haworth describes the Lane shales as lying between 
the lola and the Garnett. In this section the Carlyle limestone is 
evidently not considered or not recognized as being present. Else- 
where the Lane shales are described as lying between the Carlyle 
and the Garnett limestones. Haworth in his final correlation^ 
describes the formation as lying between the lola and Garnett lime- 
stones. This is the position given to the Lane shales in the defini- 
tion here accepted, with the correction necessitated by the facts now 
demonstrated, that the name Garnett is a synonym of Carlyle, and 
that both terms are synonymous with Stanton. 

Character and extent of the formation, — This formation is stated by 
Haworth to vary from 75 to 100 feet in thickness at its occurrence 
near Lane. From lola southward it apparently thins, so that the 
overlying Stanton^ limestone is brought into closer association with 
the lola, and in the southern part of Woodson County the relations of 
the shale, as well as the Stanton limestone, become indefinite. 

STANTON LIMESTONE. 

' Definition and synonymy. — The name Stanton limestone was given 
by Swallow^' to bed No. 151 of his section, the name being derived 
from the post-oflfice of Stanton, in Miami County. In his section of 
rocks in Miami County^ this formation is No. 7, and is described in 
considerable detail, the place of its occurrence being given with 
unmistakable clearness. Mr. Bennett has visited this locality and 
traversed the outcrop of the formation southward, and as a result of 
this work the following correlations are made possible. The Stanton 
formation as exposed at Carlyle is described by Haworth and Kirk,/ 
and is called the Carlyle limestone. Haworth described the exposures 
at Garnett and provisionally called the rocks the Garnett limestone, 
and also provisionally pronounced them identical with the Burlington 
limestone. ^ The limestone was also described at Ottawa as a distinct 
formation and named the Ottawa limestone by Haworth. * The sec- 
tion given in this connection is, reading upward : Carlyle limestone, 
shales, Garnett limestone, shales, Ottawa limestone. In the same 
article* certain limestones at Edgerton and Ola the were correlated 
with the Ottawa limestone. The name Ottawa was dropped without 
subsequent reference. In the descriptions given by Haworth^* the 
Carlj^le limestone is disregarded, although the name is used in the 
general section accompanying the article. The Garnett limestone is 
since referred to in the sense of the descriptions by Haworth and 

a Am. Jotir. Sci., &d series, Vol. L, 1895, p. 460. / Kansas Univ. Quart., Vol. II, 1894, p. 110. 

ftUniv.Geol. Surv. Kansas, Vol. 1, 1896, pp. 48-49. P Ibid., p. 120. 

c Idem, Vol. HI, 1898, p. 54. A Ibid. 

d Prelim. Rept. Geol. Snrv. Kansas, 1866, p. 20. abid.. p. 125. 

• Ibid. , p. 74. i Am. Jour. Sci. , 3d series. Vol. L.>l«i?>>^ .*>^5k- 
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Kirk,* in which place it is correlated with the Burlington and called 
the "Burlington or Garnett, leaving the ultimate choice of name to 
some future time." 

On an accompanying map the Carlyle is not shown, but the Gar- 
nett is indicated as present at Burlington and Gamett. This mapping 
and correlation is now known to be incorrect.* Later* Haworth 
describes the section as Carlyle limestone, Lane shales, and Garnett 
(or Burlington) limestone. The Carlyle limestone^ is disregarded by 
Haworth, and the Garnett is stated to be the same as the Burlington or 
Garnett. Kirk ^ uses the Carlyle in the sense of its original descrip- 
tion, and the Garnett is described as occurring at Burlington, and it 
is stated that it may bear the name Burlington or Garnett. Bennett^ 
describes the Carlyle as originally defined, and the Burlington as 
occurring west of Yates Center. Hall ^ describes two limestones as 
the equivalent of the Garnett. Haworth^ describes the following sec- 
tion : Carlyle limestone. Lane shales, and Garnett limestone. In his 
resume* he gives the same section. In an article by Adams on the 
Physiography of Southeastern Kansas,-^' published with the consent of 
the Kansas Survey, the following footnote is given, which was written 
by Haworth: 

This limestone was named the Carlyle by Kirk (Kansas Univ. Quart , Vol. 11, 
p. 110) and the first succeeding one above it the Gamett, or Burlington. It 
has since been learned, as will soon be published by Haworth, that the so-called 
Carlyle limestone is the lower member of the Gamett. 

In the University Geological Survey of Kansas* Haworth makes 
the following statement : 

In previous descriptions it has been thought that the limestone exposed at Car- 
lyle was distinct from the Garnett limestone, and therefore the term Carlyle was 
introduced, but during the summer of 1897 Bennett discovered that the so-called 
Carlyle limestone was the same as the Gamett. As the latter name had been 
used much more extensively than the former, and the two first used at the same 
time by the writer, it is preferable to retain the name Garnett and entirely 
do away with the name Carlyle. 

In the final correlation by Haworth ^ the matter is discussed more 
fully. 

Fortunately the confusion which has arisen in this part of the sec- 
tion can be entirely cleared away by recognizing the Stanton lime- 

« Kansas Univ. Qnart., Vol. II, 1894, p. 110. 

b The same mapping was also employed in PI. Ill, Vol. I, Univ. Geol. Sui-v. Kansas. 

c Kansas Univ. Quart., Vol. HI., 1895, p. 277. 

dUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 49. 

e Ibid., p. 78. 

/Ibid., p. 98. 

(/Ibid., p. 101. 

fcIbid.,Ch.VI 

<Ibid..Ch.IX. 

i Kansas Univ. Quart., 1898, Vol. HI, 1895, p. 97. 

fcVol.m,p.66. 

I Ibid., pp. 103, 104. 
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stone described by Swallow, which term, having been until now dis- 
regarded, is untrammelled by any usage excepting the original. 

Character and extent of the formation, — The thickness assigned, by 
Swallow to the Stanton limestone was from 6 to 28 feet. In the 
description of the same formation by Bennett it is shown to consist of 
two members separated by a thin shale member, each from 12 to 15 
feet thick at Garnett. At lola the thickness of the limestone is about 
12 feet. West of these places it has a maximum thickness of 30 feet. 
The detailed section accordingly varies from place to place. The 
limestone has been traced southward as far as the northern part of 
Wilson County, where it apparently thins and becomes unimportant. 

Preliminary faunal list — The following list is based on collections 
from two localities: 

• Lophophylltun westi. Productus pnnctatus. 

Archaeocidaris sp. Spirifer cameratns. 

Eupachycrinns sp. Squamularia perplexa. 

Polypora sp. Spirif erina kentnckyensis. 

Fenestella sp. Seminula snbtilita. 

Fistulipora sp. Pugnax utah. 

Rhipidomella i)ecosi. Hnstedia mormoni. 

Enteletes hemiplicattis. Dielasma bovidens. 

Derbya crassa. Platyceras nebraskense. 

Chonetes flemingi. Bellerophon sp. 

Marginifera wabashensis. Phillipsia major. 
Productus nebraskensis. 

LE ROY SHALES. 

Definition and synonymy, — The name Le Roy shales applies to the 
interval between the Stanton limestone and the Oread limestone. It 
was first proposed by Ila worth and Kirk^ for beds exposed near 
Le Roy and Moody. The limits given to the formation in the original 
description were the Carlyle below and the Burlington above. In the 
same place it is stated that they are the shales Ijang between the Car- 
Ijie and Garnett limestones farther east, the Garnett being supposedly 
the same as the Burlington. In the same paper, but in a different 
chapter, the Lawrence shales were named from exposures near Law- 
rence^ and defined as lying between the Ottawa limestone and the 
Oread. These limits are in reality the same as those given for the 
Le Roy shales. Later ^ the Lawrence shales were described by 
Haworth as above the Garnett, then supposed to be the limestone at 
Burlington, and called the Burlington, and the Oread limestone at 
Burlington. The shales at the locality from which the shales were 
named were red escribed by Kirk^ under the name Lane shales, and 
the Lawrence shales were described^ as occurring above the Garnett 
limestone at Burlington, i. e., above the limestone called Burlington, 
now known as the Oread. The Lawrence shales are described by 

a Kansas Univ. Quart., Vol. 11, 1894, p. 110. dUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 79. 

frHaworth, ibid., p. 122. « n>id. 

c Am. Jour. 8oi., 8d Beries, Vol. L, 1895, p. 460. 
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Hall in accordance with a section at Lawrence,* as they also are by 
Bennett* and Haworth.^^ It is evident, as is shown by the erroneous 
mapping, that the Le Roy shales were at this time supposed to be , 
below the Burlington-Garnett limestone, and the Lawrence shales 
above the limestone. This idea was corrected in 1898, '^ when the 
name Lawrence shales was used in preference to the name Le Roy, 
for the reason, it is stated,* that the name had been most frequently 
ujsed. The name Le Roy shales, however, has precedence. The defi- 
nition of Le Roy shales as originally given is here accepted, cognizance 
being taken, however, of the proper correlation of the Stanton and 
the Oread. 

The term Chautauqua sandstone was used by Adams ^ for the sand- 
stones which near the southern border of the State are the equivalent 
of the Le Roy shales. The term was employed in this sense by • 
Haworth.^ Since there is no special need of it as a formation name, 
it is here not used. 

Character and extent of the formation. — The thickness of this for- 
mation, as given by Haworth and Kirk in the original description, is 
150 feet in the vicinity of Le Roy. From there northward the forma- 
tion is certainly heavier and at Lawrence has a thickness of 300 feet 
according to Haworth. Southward the formation outcrops in a 
broad belt. Although denominated a shale, it contains heavy sand- 
stones, which, however, have not been defined as distinct formations. 
Toward the Indian Territory line the sandstones predominate in 
importance over the shales. This formation carries some codl beds 
which have been mined locally, but none of them can be said to be of 
commercial importance. 

OREAD LIMESTONE. 

Definition and synonymy. — The Oread limestone was described 
from the locality of Lawrence and named by Haworth from Mount 
Oread, the hill on which the State University stands.* The name 
Burlington, applied to the same formation at Burlington by Haworth 
and Kirk,* is a synonym, and, moreover, is preoccupied by the term 
Burlington in the section of the Mississippian rocks. The name Bur- 
lington was dropped by the Kansas survey in favor of Garnett, evi- 
dently because of its being preoccupied. The confusion which there 
has been in the recognition of the formation has been sufficiently 
reviewed above. 

Character and extent of the formation. — At Lawrence the Oread 

a Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 102. 

bJbld., p. 113. 

cJbid., p. 136. 

didem. Vol. Ill, 1898, p. 57. 

«Ibid., p. 104. 

/Physiography of southeastern Kansas: Kans. Univ. Quart., Vol. VII, 1898, p. 98. 

(/Univ. Gteol. Surv. Kansas, Vol. Ill, 1898, p. 59. 

A Kansas Univ. Quart., Vol. II, 1894, p. 123. 

*Ibid.,p.llO. 
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limestone is described as consisting of two limestone members, each 
of which varies from 8 to 20 feet in thickness, with an intervening shale. 
From Burlington southward the limestone occurs usually as a single 
bed with a thickness of from 7 to 20 feet. Its outcrop is persistent 
and forms one of the well-marked horizons in the stratigraphy of the 
Coal Measures. 

Preliminary faunal list — The following list is based on collections 
from seven localities : 

Fusnlina cylindrica. Spirifer cameratus. 

Lophophyllum prolifermn. Squamnlaria perplexa. 

Syringopora ? sp. Spiriferina kentuckyensis. 

Fenestella sp. Ambocoelia planiconvexa. 

Rhombopora lepidodendroides. Seminula subtilita. 

Fistulipora sp. Hustedia mormoni. 

Rhipidomella pecosi. Dielasma sp. 

Enteletes hemiplicatus. Pugnax utah. 

Derbyaxirassa. Pseudomonotis eciuistriata. 

Derbya sp. Myalina kansasensis. 

Meekella pyramidalis ?. Allerisma sp. 

Chonetes flemingi. Sedgwickia sp. 

Prodnctus semireticulatus. Soleniscus ponderosus. 

Prodnctus cora. Spleniscns ? sp. 

Productns nebraskensis. Plenrotomaria ? sp. 

Prodnctus punctatiis. Bellerophon indt. 

Prodnctus sp. Euomphalus subrugosus. 
Marginif era wabashensis. 

KANWAKA SHALES. 

Definition and synonymy. — This name is here proposed for the for- 
mation lying between the Oread limestone and the Lecompton lime- 
stone. This formation was called the Lecompton shales by IIaworth,« 
but the name Lecompton had previously been applied to a limestone 
formation. The name Elgin sandstone, which was applied by Ilaworth 
to the sandstones in the southern part of the State that occupy this 
interval, is applicable in the region in which the sandstones occui", 
but since the intervening distance is so great, and since the term was 
proposed as the equivalent of shale beds, it is not extended to the 
locality near the Kansas River. 

Character and extent of the formation, — This formation at Lecomp- 
ton is reported by Bennett to be 100 feet in thickness. It is persistent, 
and varies but little in character, except that in the southern portion 
of the State, south of the Verdigris River, sandstones are conspicuous 
within its limits. 



a Univ. Geol. Surv. Kansas, Vol. Ill, 1898, p. 64. 
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LECOMPTON LIMESTONE. 



Definition and synonymy. — The Lecompton limestone was named 
and defined by Bennett in his section along the Kansas River. « It 
had already been mentioned by Haworth,^ the name evidently being 
adopted from Bennett's manuscript. It was overlooked by Haworth 
and Kirk in the Neosho River section, where it is inconspicuous. It 
is the equivalent of the lower division of the Elk Falls limestone. '^ 

Character and extent of the forviation. — According to the descrip- 
tion of the outcrops near Lecompton the thickness of this formation 
is about 20 feet. It is separated into three limestone members with 
intervening thin shales. Its outcrop is not conspicuous for consider- 
able of the distance between the Kansas River and the Verdigris, 
since, as a. result of its relation to higher limestones, it usually occurs 
at the base of long slopes. Where it is seen it consists of two or more 
members, and retains its relative importance. In the southern part 
of the State, south of Elk River, it is more massive and develops into 
a conspicuous ledge. 

Preliminary faujial list. — The following list is based on collections 
from 14 localities : 



Fusulina cylindrica. 
Amblysiphonella sp. 
Zaphrentis ? sp. 
Lophophyllum proliferum. 
Campophyllum sp. 
Syringopora ? sp. 
ArchsBocidaris sp. 
Fistulipora 2 sp. 
Fenestella sp. 
Stenopora carbonaria. 
Stenopora sp. 

Rhombopora lepidodendroides. 
-Rhipidomella pecosi ?. 
Enteletes hemiplicatus. 
Derbya crassa. 
Derbya robusta. 
Meekella striaticostata. 
Chonetes flemingi. 
Chonetes granulifer. 
Productus semireticulatus. 
Productus pertenuis. 
Prodnctus nebraskensis. 
Productus cora. 
Productus punctatus. 



Productus sp. 
Marginifera wabashensis. 
Marginif era lasalleusis ?. 
Strophalosia sp. 
Spirifer cameratus. 
Spirif erina kentuckyensis. 
Ambocoelia planiconvexa. 
Seminula subtilita. 
Dielasma bovidens. 
Dielasma sp. 
Pugnax ? sp. 
Hustedia mormoni. 
Aviculopecten sp. 
Myalina subquadrata. 
Myalina wyomingensis. 
Myalina kansasensis. 
Aviculopinna sp. 
Astartella vera. 
Euconispira sp. 
Bellerophon percarinatus ?. 
Trachydomia wheeleri ?. 
Naticopsis sp. 
Glyphioceras ? sp. 
Phillipsia major. 



a Univ. Geol. Surv. Kansas, Vol. I, i896, p. U6 

fcKans. Univ. Quart., Vol. Ill, 1895, p. 278. 

cHaworth, Univ. Geol. Surv. Kansas, Vol. Ill, 1898, pp. 65, 66. 
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TECUMSEH SHALES. 

Definition and synonymy, — The name Tecumseh applies to the for- 
mation, consisting largely of shales, which appears between the 
Lecompton limestone and the Deer Creek limestone. It was proposed 
by Beede^ and was adopted by Haworth. The sandstones which 
occupy this interval south of the Elk River were called the Cave 
Spring sandstones by Haworth*. This name, however, has not come 
into use, since this portion of the section has not been discussed, and 
there has been no necessity for mentioning the sandstones. 

Character and extent of the formation. — In the northern part of the 
State this formation is a shale bed which, according to Beede, is 75 
feet thick in Shawnee Countj^ In the southern part of the State it is 
much thinner, and the interval is occupied to a considerable extent 
by sandstone. 

DEER CREEK LIMESTONE. 

Definition and synonymy. — The name Deer Creek limestone was 
proposed \yy Bennett ^ for certain beds outcropping along Deer Creek 
near the Kansas River. It has been shown by Bennett's mapping of 
the formation that it is the equivalent of the Strawn of Kirk's Neosho 
River section. The name Strawn being preoccupied by the Strawn 
division of the Coal Measures of Texas, Deer Creek is accordingly 
applicable. This formation is equivalent to the basal portion of what 
was denominated the Upper Elk Falls.^ 

Character and extent of the formation. — The Deer Creek limestone, 
like the Lecompton, consists of two or more limestone members, with 
intervening shales carrying thin argillaceous limestone. The thick- 
ness of the formation is variable, but may be stated to average 25 
feet. The outcrops are not always well defined, and because of the 
similarity of this formation to the subjacent Lecompton and superja- 
cent Hartford it is not easily traced. 

PreliTYiinary faunal list. — The following list Is based on collections 
from 14 localities: 

Fusulina cylindrica. Derbya cymbula. 

Lophophyllum prolifemm. Meekella striaticostata. 

Syringopora ? sp. Chonetes gpanulifer. 

Archaeocidaris sp. Prodnctus semireticulatus. 

Fenestella (3 sp.). Productus cora. 

Polypora sp. Productus nebraskensis. 

Septopora sp. Productus punctatus. 

Fistulipora (2 sp.). Productus pertenuis. 

Bhombopora lepidodendroides. Productus sp. 

Derbya crassa. Marginifera wabashensis. 

Derbya robusta. Marginifera muricata. 



a Trans. Kans. Acad. Sci., Vol. XV, 1898, p. 28. 
b Univ. Geol. Surv. Kansas, Vol. Ill, 1898, p. 66. 
ddem, Vol. 1, 1896, p. 117. 
d Haworth, idem. Vol. in, 1898, pp. 65, 66. 
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Spirif er cameratas. Avicnlopecten occidentalis. 

Sqnamnlaria perpleza. Myalina snbqnadrata. 

Amboccelia planiconvexu. Allerisma terminale. 

Spirif erina kentuckyensis. Nucula ventricosa ?. 

Seminnla snbtilita. * Bellerophon crassns. 

Hustedia mormoni. Euomphalns snbmgosns. 
Dielasma Ibovidens. 

CALHOUN SHALES. 

Definition and synonymy. — The shales lying between the Deer Creek 
limestone and the Hartford limestone are known as the Calhoun. 
The name was introduced by Beede **, and was applied to beds out- 
cropping in Shawnee county. 

Character and extent of the formation. — In the vicinity of the Kansas 
River these shales are about 60 feet thick. They maintain this 
importance southward to the vicinity of Elk River, where they are 
thinner, and the adjacent limestones are in consequence moi'e closely 
associated. 

HARTFORD LIMESTONE. 

Definition and synonymy. — This name was proposed by Kirk* for 
limestones occurring at Hartford, on the Neosho River. The Topeka 
limestone, which was described by Bennett in the Kansas River sec- 
tion,^ is equivalent to this formation. This was determined by the 
mapping done by Bennett. It is the equivalent of the upper part of 
the Upper Elk Falls as described by Haworth.^ 

Character and extent of the formation. — The thickness of the Hart- 
ford limestone is about 25 feet. The individual members are sepa- 
rated by thin shale beds. It is persistent as far as it has been 
studied, although it has many variations in the details of its section. 

Preliminary faunal list. — The following list is based on collections 
from twelve localities. 

Fnsulina cylindrica. Chonetes mesolobus. 

Amblysiphonella sp. Productus punctatus. 

Syringopora multattenuata. Productus semireticulatus. 

Lophophyllum proliferum. Productus nebraskensis. 

Eupachycrinus sp. Productus cora. 

ArchsBOcidaris sp. Productus pertenuis?. 

Fistulipora carbonaria. Productus sp. 

Ehombopora lepidodendroides.* Marginifera wabashensis. 

Polypora sp. ^ Spirifer cameratus. 

Fenestella sp. Squamularia perplexa. 

Derbya crassa. Spiriferina kentuckyensis. 

Derbya robusta. Seminula subtilita. 

Chonetes granulifer. Dielasma bovidens. 

Chonetes flemingi. Hustedia mormoni. 

a Trans. Kansas Acad. Sci., Vol. XV, 1898, p. 29. 
bUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 80. 
clbid., p. 117. 
didem, Vol. m, 1898, pp. 65, 66. 
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Avicnlopecten occidentalis. 
Avicnlopecten m'coyi. 
Myalina snbqnadrata. 
Astartella vera. 



Leda arata. 

Phanerotrema grayvillense. 
Bellerophon sp. 
Enphemns carbonarins. 



SEVERY SHALES. 



Definition and synonymy, — The shales lying between the Hartford 
limestone and the Howard limestone were called the Osage City shales 
by Hall.® This term was subsequently applied to this formation, 
together with the next higher shale formation, by Ha worth* in his 
final correlation. In this usage the Howard limestone, which had 
been called the Osage City limestone by Hall, was considered not to 
be of sufficient importance to merit the rank of a formation. The 
term " Se very shales " was subsequently used for this formation by 
Haworth,^ and in view of the use of the word "Osage " to denote other 
rocks elsewhere is here adopted. 

Character and extent of the formation, — The Severy shales are 
between 60 and 75 feet thick, and maintain a surprising uniformity 
in their lithologic character. They are argillaceous, and within a few 
feet of their upper limit a coal bed is found, which has been mined 
extensively in the vicinity of Osage, Carbondale, and Burlingame. 
This coal, although not usually over 18 inches thick, is of importance 
because of its geographic location. It is the highest bed in the Coal 
Measures which is mined systematically. 

Preliminary faunal list. — The following list is based on collections 
from four localities: 



Lophophyllum proliferum. 
Eocidaris sp. 
Archgeocidaris sp. 
Eupachycrinns sp. 
Rhombopora lepidodendroides. 
Fistulipora sp. 
OrbictQoidea sp. 
Orbictdoidea missouriensis. 
Lingtila carbonaria. 
Derbya crassa. 
Chonetes flemingi. 
Productus semireticnlatus. 
Prodnctus sp. 
Marginifera wabashensis V. 
Spirifer cameratns. 
Spiriferina kentuckyensis. 
Ambocoelia planiconvexa. 
Semintda snbtilita. 
Hustedia mormoni. 
Pugnax Utah. 



Avicnlopecten white! . 
Avicnlopecten sp. 
Streblopteria sp. 
Limi retif era ?. 
Myalina sp. 
Schizodns harei. 
Astartella varica. 
Astartella gnrleyi ? 
Clinopistha radiata var. laevis ?. 
ChaBnomya ? sp. 
Sedgwickia ? sp. 
Trepospira sphsernlata. 
Worthenla tabnlata. 
Phanerotrema grayvillense. 
Plenrotomaria ? (3 sp.) 
Bnlimorpha chrysalis. 
Bnlimorpha sp. 
Soleniscus sp. 
Loxonema sp. 
Naticopsis altonensis. 



a Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 104. 
bidem. Vol. Ill, 1898, p. 73. 
clbid., p. 66. 
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Enomphalns submgosus. Orthoceras mshense. 

Euphemus carbonarins. Orthoceras sp. 

Patellostimn montfortiannm. Qoniatites sp. 

Bellerophon stevensianns. Nantiloid. 

Bellerophon sp. Phillipsia scitnla. 

HOWARD LIMESTONE. 

Definition and synonymy, — The name Howard limestone was 
applied by Haworth^ to the formation outcropping at Howard, in 
Elk County. This limestone is the same for which the name Osage 
City limestone was used by Hall.* 

Character and extent of the formation, — In the vicinity of Howard 
the limestone is usually about 7 feet thick, and throughout its extent 
it is seldom of much importance. At many localities it is only a foot 
or two in thickness, but its occurrence above a bed of easily eroded 
shales makes it conspicuous. This limestone is of interest, since it 
indicates the general line of outcrop of the Osage coal. It was first 
studied in the southern part of the State and has been mapped there 
more extensively than northward. It has been noted in many descrip- 
tions and can be identified readily at localities not indicated upon 
the map. 

Preliminary faunal list, — The following list is based on collections 
from ten localities: 

Fusulina cylindrica. Avicnlopecten occidentalis. 

Lophophylliiin prolifemm. Avicnlopecten whitei. 

Stenopora sp. Myalina snbqnadrata. 

Fistnlix>ora sp. Myalina kansasensls. 

Rhombopora lepidodendroides. Avicnlopinna sp. 

Fenestella sp. Sedgwickia topekensis. 

Enteletes hemiplicatns. Edmondia sp. 

Derbya robnsta. Nncnla ventricosa. 

Derbya crassa. Naticopsis altonensis. 

Chonetes flemingi. Naticopsis sp. 

Chonetes sp. Soleniscns sp. 

Prodnctns semireticnlatns. Bnlimorpha chrysalis ?. 

Prodnctus cora. Enomphalns snbmgosns. 

Prodnctns pnnctatns. Plenrotomaria sp. 

Prodnctns nebraskensis. Trepospira sphaemlata. 

Prodnctns sp. Phanerotrema grayviUense. 

Marginifera wabasheasis. Bellerophon crassns. 

Spirifer cameratns. Patellostinm montfortiannm. 

Ambocoelia planiconvexa. Bncanopsis meekana ?. 

Spiriferina kentnckyensis. Bncanopsis sp. 

Seminnla snbtilita. Enphemns carbonarins. 

Hnstedia mormoni. Dentallnm sp. 

a Univ. Geol. Surv. Kansas, Vol. Ill, 1898, p. 67. 
bidem, Vol. 1, 1896, p. 104. 
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BURLINGAME SHALES. 

Definition and synonymy, — This name was first used by Ha worth. « 
It is applied to the shales which appear between the Howard limestone 
and the Barclay limestone. The term Osage shales was extended by 
Haworth to include this formation, but is here restricted to usage in 
its original sense. The formation referred to as the Osage shales by 
Haworth* is now shown to be the equivalent of the Burlingame. 

Character and extent of the formation. — The Burlingame shales are 
about 120 feet thick in Shawnee County, and are approximately of 
the same importance throughout their extent. Since they are easily 
eroded, they give rise to an escarpment which is a conspicuous feature 
in this portion of the Coal-Measures area. In the vicinity of Silver 
Lake, west of I'opeka, as well as at some localities in the southern 
part of the State, thin coal beds occur, which have been worked to a 
limited extent. The small mines in Greenwood, Elk, and Chautau- 
qua counties are probably at this horizon. 

PrelimiTiary faunal list. — The following list is based on collections 
from four localities : 

Lingula carbonaria. Dielasma bovidens. 

Enteletes hemiplicatus Hnstedia monnoni. 

Derbya robnsta. Myalina perattenuata. 

Chonetes flemingi. Sedgwickia sp. 

Productns semireticulatus. Yoldia snbscitula. 

Productus nebraskensis. Chsenomya sp. 

Marginifera wabashensis. Pleurophorus sp. 

Spirifer cameratus. Schizodus sp. 

Ambocoelia planiconvexa. Bucanopsis meekana. 

Seminula subtilita. Ostracoda. 

BARCLAY LIMESTONE. 

Definition and synonymy. — This name is here introduced for the 
limestone which succeeds the Burlingame shales. The name Wyckoff 
limestone was used for this formation^ and applied to outcrops in the 
Neosho River section. The name Wyckoff, however, is preoccupied 
by a limestone of the Cincinnatian of Minnesota.^ The name Bur- 
lingame limestone, proposed by Hall,* is likewise preoccupied by the 
shale formation of that name, although the term has been extensively 
used by Haworth. The name Eureka limestone, introduced by 
Haworth,/ is likewise preoccupied by the Eureka quartzite of 
Colorado. 

Character and extent of tlie formation. — This formation is reported 
by Beede as consisting in Shawnee County of two members, separated 



a Kansas Univ. Quart., Vol. Ill, 1895, p. 278. 

bUniv. Geol. Surv. Kansas, Vol. Ill, 1898, p. 67. 

« Kansas Univ. Quart., Vol. II, 1894, p. 111. 

d Hall and Sardeson, Bull. Geol. Soc. Am., Vol. UI, 189EJ, pp. 332^336. 

«Univ. Geol. Surv. Kansas, Vol. 1, 1896, p. 106. 

/Idem, Vol. m, 1898, p. 67. 
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by a thin shale. The limestone has a thickness of from 4 to 7 feet. 
The lower member is the more conspicuous in the field. Hall reported 
it as 8 feet thick at Burlingame. It occurs in an escarpment above 
the Burlingame shales and can be readily traced. The upper member 
usually lies back some distance from the brow of the escarpment, and 
its occurrence is often masked. 

Preliminary faunal list — The following list is based on collections 
from four localities: 



Fosnlina cylindrica. 
ArchaBocidaris sp. 
Fenestella (several sp.). 
Rhombopora lepidodendroides. 
Enteletes hemiplicatus. 
Derbya sp. 
Chonetes flemingi. 



Prodnctns cora. 
Prodnctns nebraskensis. 
Spirifer cameratns. 
Seminnla subtilita. 
Plenrotomaria sp. 
Enomphaltis subrugosus. 



OLPE SHALES. 



Definition and synonymy, — This term is here proposed for the shales 
lying between the Barclay limestone and the 'Emporia limestone. 
These shales have been described, but thus far have received no name. 

Chardcier and extent of the formation, — The formation has not been 
studied extensively outside of Lyon County, where it has been limited 
by the mapping of the adjacent limestones. The thickness is reported 
to be from 50 to 60 feet. 

Preliminary faunal list. — The following list is based on collections 
from four localities : 



ArchaBocidaris sp. 
Rhombopora lepidodendroides. 
Fistulipora sp. 
Enteletes hemiplicatus. 
Derbya crassa. 
Chonetes flemingi?. 
Chonetes glaber. 

Anlacorhynchus millepunctatnm. 
Productus cora. 
Prodnctns nebraskensis. 
Spirifer cameratus. 
Spiriferina kentuckyensis. 
Aviculopecten sp. 
Entolinm avicnlatnm. 
Bakewellia sp. 
Myalina «wallowi. 
Modiola subelliptica. 



AUerisma terminale. 
Sedgwickia sp. 
Edmondia sp. 
Plenrophoms sp. 
Plenrophorus occidentalis?. 
Plenrophoms ? sp. 
Astartella ? sp. 
Macrodon carbonarins. 
Schizodus sp. 
Schizodus (small sp.). 
Loxonema sp. 
Soleniscns sp. 
Bulimorpha sp. 
Plenrotomaria ? (2 sp. ) . 
Bellerophon stevensianns. 
Bellerophon n. sp. (?) 
Dentalinm sp. 



EMPORIA LIMESTONE. 



Definition and synjony my, — This name was applied by Kirk'' to a 
limestone formation in the Kansas River section, which had bfeen 
previously described by Haworth and Kirk* as bed No. 10-, but not 
otherwise named. 



a Univ. aeol. Surv. Kansas, Vol. 1, 1896, p. 80. ''Kansas Univ. Quart., Vol. II, 18W, p. ill. 
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Character and extent of the formation, — This limestone has been 
mapped in Lyon County by A. J. Smith, where it is found to be per- 
sistent. Its thickness is not very definitely reported, but may be 
stated as about 10 feet. 

Preliminary faunal list. — The following list is based on a collection 
from one locality: 

Fusulina cylindrica. Bellerophon indet. 

ADMIRE SHALES. 

Definition and synonymy, — This name is here introduced for the 
shales lying between the Emporia limestone and the Americus lime- 
stone. This formation has not heretofore been named. 

Character and extent of the formation. — The Admire shales have 
been defined by the mapping in^Lyon County. The thickness assigned 
to them is 40 feet, although they have been studied in onlj'^ a very 
general way. 

Preliminary faunal list. — The following list is based on collections 
from one locality: 

FiistQina cylindrica. Productus semireticulatus. 

Rhipidomella pecosi. Spirifer cameratns. 

Mrekella striaticostata. Ambocoelia planiconvexa. 

Derbya crassa. Seminula subtilita. 

Productns cora. Hustedia mormoni. 
Productus nebraskensis. 

AMERICUS LIMESTONE. 

Definition and synonymy. — The name Americus limestone was 
applied by Kirk« to a formation in the Neosho River section which 
had been previously described by Haworth and Kirk as limestone 
No. 11. This formation has been identified by A. J. Smith, and 
mapped by him in Lyon County.^ 

Character and extent of the formation. — This formation was reported 
by Kirk to be in two members, separated by a thin shale interval. 
The lower limestone is stated to have a thickness of 16 inches. This 
is the ledge which is quarried, and which Smith has stated to vary 
from 16 to 22 inches in thickness. The formation has not been 
mapped outside of Lyon County, excepting that Bennett has indi- 
cated in a general way its continuation into Greenwood County. 

Preliminary faunal list. — The following list is based on collections 
from two localities: 

Fusulina cylindrica. Orbiculoidea sp. 

Lophophyllum prolifemm. Enteletes hemiplicatus. 

Archaeocidaris sp. Derbya crassa. 

Fenestella sp. Meekella striaticostata. 

Fistulipora sp. Chonetes granulifer. 

Rhombopora lepidodendroides. Chonetes vemeuilianus. 



oUniv. GeoL Surv. Kansas, Vol. 1, 1896, p. 80. b Kansas AcaA. ^\.^N o\.'£:^\i.>^iSKS.^^.^^. 
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Productus semireticulatus. Pugnax ntah. 

Productns nebraskensis ?. Pleurophorus sp. 

Marginifera wabashensis. Aviculopinna sp. 

Spirifer cameratus. Sedgwiokia geinitzi. 

AmboccBlia planiconvexa. Phillipsia sp. 
Seminula subtilita. 

ELMDALE FORMATION. 

Definition and synonymy. — This formation succeeds the Americus 
limestone. Its upper limit is the Neva limestone. It is a portion of 
what was called the Wabaunsee formation by Prosser," but it has not 
heretofore received a distinct name. 

Characier and extent of the formation, — The rocks included within 
the Elmdale formation aggregate about 130 feet in thickness and 
consist largely of shales, with some thin interbedded limestones, which 
are not generall}'^ conspicuous. The individual beds of limestone are 
seldom more than 3 or 4 feet thick, and do not produce definite topo- 
graphic features. Thus far the formation has been mapped only 
within the Cottonwood Falls quadrangle. 

Preliminary faunal list — The following list is based on collections 
from eight localities. 

Fusulina cylindrica. Ambocoelia planiconvexa. 

Archaeocidaris sp. Seminula subtilita. 

Fenestella sp. Aviculopecten occidentalis. 

Stenopora sp. Pseudomonotis sp. 

Bhombopora lepidodendroides. Myalina aviculoides ?. 

Derbya crassa. Aviculopinna sp.' 

Meekella striaticostata. Edmondia sp. 

Chonetes flemingi?. Pleurophorus sp. 

Chonetes granulifer. Leda sp. 

Productus cora. Schizodus sp. 

Productus nebraskensis. Pleurotomaria ? sp. 

Productus semireticulatus. Patellostlum montfortianum. 

Productus sp. Ostracoda. 
Spirifer cameratus. 

NEVA LIMESTONE. 

Definition and synonymy, — The Neva limestone has a conspicuous 
outcrop, although it is relatively a thin formation. It was named the 
Drybone limestone by Swallow,* but inasmuch as this is not a geo- 
graphic term the name Neva has been adopted. The limestone de- 
nominated the Dunlap system by Kirk,^ in his Neosho River section, 
embraces what is here called the Neva limestone, together with a 
thinner bed which is found in the upper part of the Elmdale fonna- 
tion. The Neva formation is a portion of what Prosser called the 
Wabaunsee. 

Character and extent of the formation, — This formation has been 

a Jour. Geol., Vol. in, 1895, p. 688. 

bPrel. Kept. Geol. Surv. Kansas, 1866, p. 16. 

cUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 81. 
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identified at a number of places, but has been mapped only in the 
Cottonwood Falls quadrangle. The outcrop is conspicuous, and the 
peculiar texture of the rock is such as to have suggested the name 
Drybone. It weathers with a rough surface, and is not so suitable for 
building stone as the Cottonwood limestone, which lies a short distance 
above it. Its thickness is approximately 10 feet, and it occurs in two 
beds, separated by a thin, shaly member. 

ESKRIDGE SHALES. 

Definition and synonymy, — These shales have not been previously 
named. They are the highest beds which were included by Prosser 
in the Wabaunsee formation. Their lower limit is the Neva lime- 
stone and their upper limit the Cottonwood limestone. 

Character and extent — ^The thickness of the Eskridge shales varies 
from 30 to 40 feet and includes thin beds of limestone. The formation 
has been mapped within the Cottonwood Falls quadrangle. 

Preliminary faunal list, — The following list is based on collections 
from four localities: 

Ambocoelia planiconvexa. Myalina sp. 

Aviculopecten occidentalis. Pseiidomonotis hawni. 

Myalina perattenuata ?. 

COTTONWOOD LIMESTONE. 

Definitiovj and synonymy, — This formation consists of a conspicuous 
limestone, which has been quarried extensively for building stone. 
It was denominated the Cottonwood Falls limestone by Haworth and 
Kirk." It is the lower portion of Prosser's Cottonwood formation, 
which included, besides the limestone, which he called the Cotton- 
wood,* the Cottonwood shales,<^ which succeed it.^ 

Character and extent of the formation, — The Cottonwood limestone 
is approximately 6 feet thick. It occurs with remarkable uniformity, 
and has been mapped in detail in the Cottonwood Falls quadrangle. 
Its general line of outcrop has been studied northward to the Kansas 
River by Prosser,* and' Beede has mapped it approximately in a 
reconnaissance which he made in the valley of Blue River. ^- It is a 
conspicuous formation, and has been noted by many observers 
because of its adaptability for building stone. 

Prdivfiinary faunal list, — The following list is based on collections 
from six localities: 

Fnsulina cylindrica. Meekella striaticostata. 

Septopora sp. Chonetes granulif er. 

Fenestella sp. Productus semireticulatus. 

Stenopora sp. Seminula subtilita. 

Rhombopora lepidodendroides. Aviculopecten occidentalis. 



a Kansas Univ. Quart., Vol. II, 1894, p. 112. rf Jour. Geol., Vol. m, 1895, p. 697. 

bBuU. Geol. Soc. Am., Vol. VI, 1894, p. 40. *• Kansas Univ. Quart., Vol. IX, 1900, p. 191. 
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Prodnctiis semireticulatus. Pugnax utah. 

Productus nebraskensis ?. Pleurophorus sp. 

Marginifera wabashensis. Aviculopinna sp. 

Spirifer cameratus. Sedgwiokia geinitzi. 

AmboccBlia planiconvexa. Phillipsia sp. 
Seminula subtilita. 

ELMDALE FORMATION. 

Definition and synonymy, — This formation succeeds the Americus 
limestone. Its upper limit is the Neva limestone. It is a portion of 
what was called the Wabaunsee formation by Prosser,^ but it has not 
heretofore received a distinct name. 

Character arid extent of the formation. — The rocks included within 
the Elmdale formation aggregate about 130 feet in thickness and 
consist largely of shales, with some thin interbedded limestones, which 
are not generall}'^ conspicuous. The individual beds of limestone are 
seldom more than 3 or 4 feet thick, and do not produce definite topo- 
graphic features. Thus far the formation has been mapped only 
within the Cottonwood Falls quadrangle. 

Preliminary faunal list. — The following list is based on collections 
from eight localities. 

Fusulina cylindrica. Ambocoelia planiconvexa. 

Archaeocidaris sp. Seminula subtilita. 

Fenestella sp. Aviculopecten occidentalis. 

Stenopora sp. Pseudomonotis sp. 

Rhombopora lepidodendroides. Myalina aviculoides ?. 

Derbya crassa. Aviculopinna sp.' 

Meekella striaticostata. Edmondia sp. 

Chonetes flemingi?. Pleurophorus sp. 

Chonetes granulifer. Leda sp. 

Productus cora. Schizodus sp. 

Productus nebraskensis. Pleurotomaria ? sp. 

Productus semireticulatus. Patellostium montfortianum. 

Productus sp. Ostracoda. 
Spirifer cameratus. 

NEVA LIMESTONE. 

Definition and synonymy. — The Neva limestone has a conspicuous 
outcrop, although it is relatively a thin formation. It was named the 
Drybone limestone by Swallow,* but inasmuch as this is not a geo- 
graphic term the name Neva has been adopted. The limestone de- 
nominated the Dunlap system by Kirk,^ in his Neosho River section, 
embraces what is here called the Neva limestone, together with a 
thinner bed which is found in the upper part of the Elmdale fonna- 
tion. The Neva formation is a portion of what Prosser called the 
Wabaunsee. 

Character and extent of the formation. — This formation has been 

a Jour. Geol., Vol. IH, 1895, p. 688. 

bPrel. Kept. Geol. Surv. Kansas, 1866, p. 16. 

cUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 81. 
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identified at a number of places, but has been mapped only in the 
Cottonwood Falls quadrangle. The outcrop is conspicuous, and the 
peculiar texture of the rock is such as to have suggested the name 
Drybone. It weathers with a rough surface, and is not so suitable for 
building stone as the Cottonwood limestone, which lies a short distance 
above it. Its thickness is approximately 10 feet, and it occurs in two 
beds, separated by a thin, shaly member. 

ESKRIDGE SHALES. 

Definition and synonymy, — These shales have not been previously 
named. They are the highest beds which were included by Prosser 
in the Wabaunsee formation. Their lower limit is the Neva lime- 
stone and their upper limit the Cottonwood limestone. 

Character and extent — The thickness of the Eskridge shales varies 
from 30 to 40 feet and includes thin beds of limestone. The formation 
has been mapped within the Cottonwood Falls quadrangle. 

Preliminary faunal list. — The following list is based on collections 
from four localities: 

AmboccBlia planiconvexa. Myalina sp. 

Aviculopecten occidentalis. Psendomonotis hawni. 

Myalina perattenuata ?. 

COTTONWOOD LIMESTONE. 

Definitiop, and synonymy. — This formation consists of a conspicuous 
limestone, which has been quarried extensively for building stone. 
It was denominated the Cottonwood Falls limestone by Haworth and 
Kirk.* It is the lower portion of Prosser's Cottonwood formation, 
which included, besides the limestone, which he called the Cotton- 
wood,* the Cottonwood shales,^ which succeed it.^ 

Character and extent of the formation. — The Cottonwood limestone 
is approximately 6 feet thick. It occurs with remarkable uniformity, 
and has been mapped in detail in the Cottonwood Falls quadrangle. 
Its general line of outcrop has been studied northward to the Kansas 
River by Prosser,* and'Beede has mapped it approximately in a 
reconnaissance which he made in the valley of Blue River. * It is a 
conspicuous formation, and has been noted by many observers 
because of its adaptability for building stone. 

Prelivfiinary faunal list. — The following list is based on collections 
from six localities : 

Fosnlina cylindrica. Meekella striaticostata. 

Septopora sp, Chonetes granulifer. 

Fenestella sp. Productus semireticulatus. 

Stenopora sp. Seminnla snbtilita. 

Rhombopora lepidodendroides. Aviculopecten occidentalis. 

a Kansas Univ. Quart., Vol. II, 1H94, p. U2. d Jour. Geol., Vol. in, 1895, p. 697. 

h Bull. Geol. Soc. Am., Vol. VI, 1894, p. 40. e Kansas Univ. Quart., Vol. IX, 1900, p. 191. 
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Productus semireticulatus. Pugnax utah. 

Productns nebraskensis ?. Pleurophorus sp. 

Marginifera wabashensis. Aviculopinna sp. 

Spirifer cameratus. Sedgwiokia geinitzi. 

AmboccBlia planiconvexa. Phillipsia sp. 
Seminula subtilita. 

ELMDALE FORMATION. 

Definition and synonymy, — This formation succeeds the Americus 
limestone. Its upper limit is the Neva limestone. It is a portion of 
what was called the Wabaunsee formation by Prosser," but it has not 
heretofore received a distinct name. 

Character and extent of the formation, — The rocks included within 
the Elmdale formation aggregate about 130 feet in thickness and 
consist largely of shales, with some thin interbedded limestones, which 
are not generall}'^ conspicuous. The individual beds of limestone are 
seldom more than 3 or 4 feet thick, and do not produce definite topo- 
graphic features. Thus far the formation has been mapped only 
within the Cottonwood Falls quadrangle. 

Preliminary faunal list, — The following list is based on collections 
from eight localities. 

Fusulina cylindrica. Ambocoelia planiconvexa. 

Archaeocidaris sp. Seminula snbtilita. 

Fenestella sp. Aviculopecten occidentalis. 

Stenopora sp. Pseudomonotis sp. 

Bhombopora lepidodendroides. Myalina aviculoides ?. 

Derbya crassa. Aviculopinna sp.' 

Meekella striaticostata. Edmondia sp. 

Chonetes flemingi?. Pleurophorus sp. 

Chonetes granulifer. Leda sp. 

Productus cora. Schizodus sp. 

Productus nebraskensis. Pleurotomaria ? sp. 

Productus semireticulatus. Patellostium montfortianum. 

Productus sp. Ostracoda. 
Spirifer cameratus. 

NEVA LIMESTONE. 

Definition and synonymy, — The Neva limestone has a conspicuous 
outcrop, although it is relatively a thin formation. It was named the 
Drybone limestone by Swallow,* but inasmuch as this is not a geo- 
graphic term the name Neva has been adopted. The limestone de- 
nominated the Dunlap system by Kirk,^ in his Neosho River section, 
embraces what is here called the Neva limestone, together with a 
thinner bed which is found in the upper part of the Elmdale fonna- 
tion. The Neva formation is a portion of what Prosser called the 
Wabaunsee. 

Character and extent of the formation. — This formation has been 

a Jour. GeoL, Vol. Ill, 1895, p. 688. 

&Prel. Kept. Geol. Surv. Kansas, 1866, p. 16. 

cUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 81. 
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identified at a number of places, but has been mapped only in the 
Cottonwood Falls quadrangle. The outcrop is conspicuous, and the 
peculiar texture of the rock is such as to have suggested the name 
Drybone. It weathers with a rough surface, and is not so suitable for 
building stone as the Cottonwood limestone, which lies a short distance 
above it. Its thickness is approximately 10 feet, and it occurs in two 
beds, separated by a thin, shaly member. 

ESKRIDGE SHALES. 

Definition and synonymy, — These shales have not been previously 
named. They are the highest beds which were included by Prosser 
in the Wabaunsee formation. Their lower limit is the Neva lime- 
stone and their upper limit the Cottonwood limestone. 

Character and extent, — ^The thickness of the Eskridge shales varies 
from 30 to 40 feet and includes thin beds of limestone. The formation 
has been mapped within the Cottonwood Falls quadrangle. 

Preliminary faunal list — The following list is based on collections 
from four localities: 

Ambocoelia planiconvexa. Myalina sp. 

Aviculopecten occidentalis. Pseiidomonotis hawni. 

Myalina perattenuata ?. 

COTTONWOOD LIMESTONE. 

Definitior. and synonymy. — This formation consists of a conspicuous 
limestone, which has been quarried extensively for building stone. 
It was denominated the Cottonwood Falls limestone by Ilaworth and 
Kirk.* It is the lower portion of Prosser's Cottonwood formation, 
which included, besides the limestone, which he called the Cotton- 
wood,* the Cottonwood shales,^ which succeed it.^ 

Character and extent of the formation, — The Cottonwood limestone 
is approximately 6 feet thick. It occurs with remarkable uniformity, 
and has been mapped in detail in the Cottonwood Falls quadrangle. 
Its general line of outcrop has been studied northward to the Kansas 
River by Prosser,* and' Beede has mapped it approximately in a 
reconnaissance which he made in the valley of Blue River. ^ It is a 
conspicuous formation, and has been noted by many observers 
because of its adaptability for building stone. 

Preliminary faunal list, — The following list is based on collections 
from six localities: 

FtLsnlina cylindrica. Meekella striaticostata. 

Septopora sp. Chonetes granulifer. 

Fenestella sp. Productns semireticnlatus. 

Stenopora sp. Seminnla subtilita. 

Rhombopora lepidodendroides. Aviculopecten occidentalis. 

aEanaas Univ. Quart., Vol, II, 1804, p. 112. d Jour. Geol., Vol. m, 1885, p. 697. 

b Bull. (Jeol. Soc. Am., Vol. VI, IWH, p. 40. e Kansas Univ. Quart., Vol. IX, 1900, p. 191. 
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Prodnctus semireticulattis. Pugnax utah. 

Productns nebraskensis ?. Pleurophoras sp. 

Marginifera wabashensis. Aviculopinna sp. 

Spirifer cameratus. Sedgwiokia geinitzi. 

Ambocoelia planiconvexa. Phillipsia sp. 
Seminula snbtilita. 

ELMDALE FORMATION. 

Definition and synonymy, — This formation succeeds the Americus 
limestone. Its upper limit is the Neva limestone. It is a portion of 
what was called the Wabaunsee formation by Prosser,^ but it has not 
heretofore received a distinct name. 

Character and extent of the formation. — The rocks included within 
the Elmdale formation aggregate about 130 feet in thickness and 
consist largely of shales, with some thin interbedded limestones, which 
are not generall}'^ conspicuous. The individual beds of limestone are 
seldom more than 3 or 4 feet thick, and do not produce definite topo- 
graphic features. Thus far the formation has been mapped only 
within the Cottonwood Falls quadrangle. 

Preliminary faunal list. — The following list is based on collections 
from eight localities. 

Fusulina cylindrica. Ambocoelia planiconvexa. 

ArchaBocidaris sp. Seminula snbtilita. 

Fenestella sp. Aviculopecten occidentalis. 

Stenopora sp. Psendomonotis sp. 

Rhombopora lepidodendroides. Myalina avicnloides ?. 

Derbya crassa. Avicnlopinna sp.' 

Meekella striaticostata. Edmondia sp. 

Chonetes flemingi?. Plenrbphorns sp. 

Chonetes grannlifer. Leda sp. 

Prodnctns cora. Schizodus sp. 

Prodnctus nebraskensis. Plenrotomaria ? sp. 

Prodnctns semireticnlatus. Patellostinm montfortiannm. 

Prodnctns sp. Ostracoda. 
Spirifer cameratns. 

NEVA LIMESTONE. 

Definition and synonymy. — The Neva limestone has a conspicuous 
outcrop, although it is relatively a thin formation. It was named the 
Drybone limestone by Swallow,* but inasmuch as this is not a geo- 
graphic term the name Neva has been adopted. The limestone de- 
nominated the Dunlap system by Kirk,^ in his Neosho River section, 
embraces what is here called the Neva limestone, together with a 
thinner bed which is found in the upper part of the Elmdale fonna- 
tion. The Neva formation is a portion of what Prosser called the 
Wabaunsee. 

Character and extent of the formation. — This formation has been 

a Jour. Geol., Vol. IH, 1895, p. 688. 

bPrel. Kept. Geol. Surv. Kansas, 1866, p. 16. 

cUniv. Geol. Surv. Kansas, Vol. 1, 1896, p. 81. 
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identified at a number of places, but has been mapped only in the 
Cottonwood Falls quadrangle. The outcrop is conspicuous, and the 
peculiar texture of the rock is such as to have suggested the name 
Drybone. It weathers with a rough surface, and is not so suitable for 
building stone as the Cottonwood limestone, which lies a short distance 
above it. Its thickness is approximately 10 feet, and it occurs in two 
beds, separated by a thin, shaly member. 

ESKRIDGE SHALES. 

Definition and synonymy. — ^These shales have not been previously 
named. They are the highest beds which were included by Prosser 
in the Wabaunsee formation. Their lower limit is the Neva lime- 
stone and their upper limit the Cottonwood limestone. 

Character and extent, — The thickness of the Eskridge shales varies 
from 30 to 40 feet and includes thin beds of limestone. The formation 
has been mapped within the Cottonwood Falls quadrangle. 

Preliminary faunal list — The following list is based on collections 
from four localities: 

Ambocoelia planiconvexa. Myalina sp. 

Aviculopecten occidentalis. Psendomonotis hawni. 

Myalina perattenuata ?. 

COTTONWOOD LIMESTONE. 

Definition, and synonymy, — This formation consists of a conspicuous 
limestone, which has been quarried extensively for building stone. 
It was denominated the Cottonwood Falls limestone by Haworth and 
Kirk.* It is the lower portion of Prosser's Cottonwood formation, 
which included, besides the limestone, which he called the Cotton- 
wood,* the Cottonwood shales,^ which succeed it.^ 

Character and extent of the formation, — The Cottonwood limest^one 
is approximately 6 feet thick. It occurs with remarkable uniformity, 
and has been mapped in detail in the Cottonwood Falls quadrangle. 
Its general line of outcrop has been studied northward to the Kansas 
River by Prosser,* and' Beede has mapped it approximately in a 
reconnaissance which he made in the valley of Blue River. ^ It is a 
conspicuous formation, and has been noted by many observers 
because of its adaptability for building stone. 

Preliminary faunal list. — The following list is based on collections 
from six localities: 

Fusnlina cylindrica. Meekella striaticostata. 

Septopora sp. Chonetes granulif er. 

Fenestella sp. Productus semireticulatus. 

Stenopora sp. Seminula subtilita. 

Rhombopora lepidodendroides. Aviculopecten occidentalis. 

a Kansas Univ. Quart., Vol. II, 1H94, p. 112. rf Jour. Geol., Vol. m, 1895, p. 697. 

6 Bull. (Jeol. Soc. Am., Vol. VI, 1894, i). 40. ^Kansas Univ. Quart., Vol. IX, 1900, p. 191. 
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GARRISON FORMATION. 

Definition and synonymy. — The Garrison formation may be defined 
as occurring between the Cottonwood limestone and the Wreford 
limestone. It includes at its base the Cottonwood shales as defined 
by Prosser," and the portion above these shales was referred by him 
to the Neosho formation.* 

Character and extent of the formation, — The Garrison formation has 
been mapped only in the Cottonwood Falls quadrangle. It has not 
been studied as a distinct formation at other localities, but the 
limiting limestones have been observed at localities on the Kansas 
River and northward toward Nebraska. It is about 120 feet thick 
and consists largely of shales. The interstratified limestones are 
from 1 to 4 feet in thickness and are not of stratigraphic importance. 

Preliminary faunal list — The following list is based on collections 
from fifty-one localities: 

FustQina cylindrica. AvictQopecten occidentalis. 

Axophyllnin rude. Aviculopecten m'coyi. 

ArchsBOcidaris sp. AvictQopecten cf . whitei. 

Serptda sp. Aviculopecten sp. 

Thamniscus sp. Pseudomonotis hawni. 

Fenestella sp. Pseudomonotis equistriata. 

Septopora sp. Pseudomonotis kansasensis. 

Pinnatopora sp. , Myalina kansasensis. 

Cystodictya divisa. Myalina perattenuata ?. 

Streblotrypa prisca. Pinna? peracuta. 

Meekopora sp. Aviculopinna illinoisensis. 

Stenopora carbonaria. Sedgwickia granosa ?. 

Rhombopora lepidodendroides. Schizodus sp. 

Derbya robusta. Pleurophorus sp. 

Meekella striaticostata. Edmondia sp. 

Chonetes granulif er. Yoldia subscitula ?. 

Productus semireticulatus. Soleniscus sp. 

Productus nebraskensis. Naticopsis sp. 

Productus cora. Euomphalus subrugosus. 

Spirif er cameratus. Numerous indt. small gast. 

Ambocoelia planiconvexa. Patellostium sp. 

Seminula subtilita. Orthoceras sp. 

Dielasma bovidens ?. Phillipsia scitula. 

Pugnax Utah. Ostracoda. 
Hustedia mormoni. 

WREFORD LIMESTONE. 

Definition and synonymy, — This name was introduced by Hay^ to 
denote the limestone which is the equivalent of what was subse- 
quently denominated the Strong fiint by Prosser^ and which forms 
the base of what he called the Chase formation.^ 

a Jour. Geol., Vol. m, 1805. d Jour. Gteol., Vol. m, 1895, p. 772. 

fclbid., p. 706. «Ibid., p. 771. 

o Eighth Bien. Kept. State Bd. Agr., p. 104. 
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Character and extent of the formation, — The Wreford limestone is 
about 40 feet thick. It contains a large amount of flint and is the 
first limestone in the series which has this character. It has thus far 
been mapped only within the Cottonwood Falls quadrangle. Its 
nature is such that its outcrop forms a conspicuous escarpment. 
Quarries have been opened in it at several localities, but it is valu- 
able only for ballast and rough stone. 

Preliminary faunal list,— The following list is based on collections 
from fourteen localities: 



ArchaBOcidaris sp. 
Septopora sp. 
Fenestella sp. 

Rhombopora lepidodendroides. 
Derbya robnsta. 
Meekella striaticostata. 
Chonetes granulifer. 
Productus nebraskensis. 
Prodnctns semireticulatns. 
Seminnla subtilita. 
Aviculopecten occidentalis. 
Aviculopecten sp. 
Entolium aviculatum. 
Pseudomonotis hawni. 
Posidonomya ? sp. 
Myalina aviculoides ?. 



Myalina perattenuata ?. 
Myalina kansasensis. 
Modiola snbelliptica ?. 
Pinna ? peracuta. 
Yoldia subscitnla ?. 
Edmondia sp. 
Schizodus sp. 
Macrodon carbonarius. 
Pleurophoms calhouni. 
Plenrophorus sp. 
Bellerophon sp. 
Naticopsis sp. 
Enomphalus cubrugosus^ 
Phillipsia scitula. 
Ostracoda. 



MATFIELD SHALES. 

Definition and synonymy, — This formation has not previously been 
defined. It was included by Prosser in the Chase formation.'* Its 
lower limit is the Wreford limestone and its upper limit the Florence 
flint. 

Character and extent of the formation, — The Matfield shales have 
thus far been mapped only within the Cottonwood Falls quandragle, 
although the formations which limit them above and below have been 
studied more widely. Inasmuch as this formation consists largely of 
shales and lies between two beds which form escarpments, it usually 
occurs in a slope or bench. Some thin limestone beds are found 
within it. The thickness may be stated as 70 feet. 

Preliminary faunal list, — The following list is based on collections 
from sixteen localities: 



Axophyllmn rude. 
Archs&ocidaris sp. 
Spirorbis sp. 
Septopora sp. 

Rhombopora lepidodendroides. 
Derbya robasta. 
Meekella straticostata. 
Chonetes sp. 



Productus nebraskensis. 
Productus semireticulatus- 
Ambocoelia planiconvexa. 
Seminula subtilita. 
Aviculopecten occidentalis. 
Myalina perattenuata. 
Myalina subquadrata. 
Bakewellia parva. 



a Jour. GeoL, Vol. Ill, 1895, p. 771. 



58 • UPPER CARBONIFEROUS OF KANSAS. [bull. 211. 

AUerisma terminale. Schizodus sp. 

Sedgwickia altirostrata. Pleurophorus ? sp. 

Sedgwickia sp. Euomphalus sp. 

Chaenomya minnehaha ?. Bellerophon indt. 

Edmondia sp. Gasteropod indt. 

FLORENCE FLINT. 

Definition and synonymy. — This formation was named by Prosser 
from the locality of Florence, where it is quarried extensively. It is 
the second limestone formation of the series which contains an abun- 
dance of flint. It is a portion of what was denominated the Chase 
formation by Prosser.^' 

Character and extent of tlie formation. — The Florence flint has thus 
far been mapped only within the Cottonwood Falls quadrangle, but 
because of its strong lithologic characters it has been possible to 
identify it at widely separat;ed localities. The thickness assigned is 
20 feet. 

Preliminary faunal list. — The following list is based on collections 
from fifteen localities : 

Fenestella sp. Myalina aviculoides ?. 

Septopora sp. Pseudomonotis hawni. 

Derbya robusta. Bakewellia parva. 

Meekella striaticostata. ChaBnomya leavenworthensis. 

Productns semireticulatiis. Pleurophorus sp. 

Ambocoelia planiconvexa. Euomphalus subrugosus. 

Seminula subtilita. Naticopsis sp. 

Aviculopecten occidentalis. Phillipsia scitula. 
Myalina perattenuata. 

FORT RILEY LIMESTONE. 

Definition and synonymy. — This name was introduced by Swallow.* 
It is No. 52 of his section, described as occurring at Fort Riley and 
on Cottonwood River and Fancy Creek. The central part of it is 
supposedly the equivalent of the Fort Riley main ledge, so denomi- 
nated by Ilay.^ The limestone denominated the Florence flint and 
limestone by Prosser^ is the equivalent of the upper portion of the 
Fort Riley limestone as here defined. This formation is a part of 
the Chase formation, as described by Prosser. 

Character and extent of the formation. — The formation as above 
defined has been mapped within the Cottonwood Falls quadrangle, 
where it has a thickness of about 40 feet. 

Preliminary faunal list. — The following list is based on collections 
from twenty-nine localities : 

Fusulina cylindrica. Septopora sp. 

Archaeocidaris sp. Fenestella sp. 

Meekopora sp. Derbya robusta. 

Rhombopora lepidodendroides. Meekella striaticostata. 



o Jour. G^ol.,Vol. ni, 1895, p. 771. c Eighth Bien. Kept. State Board Agr , p. 104. 

i^Preh Bept. Geol Surv. Kansas, 1866, p. 14. d jour. Geol., Vol. m, 1895, p. 772. 
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Chonetes grantQif er. Allerisma granosum ?. 

Productns semireticulatns. Chaenoinya leavenworthensis. 

Marginifera wabashensis. Sedgwickia altirostrata. 

Ambocoelia planiconvexa. Edmondia sp. 

Seminula subtilita. Pleurophorus sp. 

Aviculopecten occidentalis. Schizodus sp. 

AvicTiloi)ecteii germantis?. Euomphalus subrugosus. 

Aviculopecten sp. Euomphalus pemodosus?. 

Streblopteria n. sp. Gasteroi)od indt. 

Pinna ? peracuta. Bellerophon indt. 

Bakewellia parva. Phillipsia major. 
Allerisma terminale. 

DOYLE SHALES. 

Definition and synonymy, — These shales have not been previously 
named. They were included within the Chase formation b}^ Prosser. 
As here defined they occur between the Fort Riley limestone and the 
Winfield formation. 

Character and extent of the formation, — The Doyle shales have a 
thickness of about 60 feet. They include some thin, inconspicuous 
limestones. The formation occurs in benches and slopes, and has 
thus far been mapped only within the Cottonwood Falls quadrangle. 

Preliminary faunal list, — :The following list is based on collections 
from five localities : 

Archaeocidaris sp. Bakewellia parva. 

Fenestella sp. Myalina sp. 

Derbya robusta. Pleurophorus sp. 

MeekeUa striaticostata. Schizodus sp. 

Productns semireticulatns. Edmondia ? sp. 

Seminula subtilita. Gasteropod indt. 

Aviculopecten occidentalis. Dentalium sp. 

WINFIELD FORMATION. 

Definition and synonymy, — This formation is the top of the Chase 
formation, as described by Prosser, and includes what lie called the 
Marion flint and Marion concretionary limestone." 

Character and extent of the formation. — As here defined, the Win- 
field formation has a thickness of from 20 to 25 feet. At the base 
there is a bed of cherty limestone about 4 feet thick; above this there 
is a bed of shales about 13 feet in thickness, and at the top is a concre- 
tionary limestone about 10 feet in thickness. The name was intro- 
duced by Prosser from the locality of Winfield, but the formation is 
so characteristic in appearance that there is little doubt that it is 
identical with the Winfield formation in the Cottonwood Falls quad- 
rangle, where it has been mapped and studied in detail. 



a Jour. Geol., Vol. UI, 1895, p. Hg. 
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Preliminary faunal list. — The following list is based on collections 
from fifteen localities: 

ArchaBocidarls sp. Myalina perattenuata. 

Septopora sp. AvictQopinna illinoisensis. 

Derbya robnsta. Bakewellia parva. 

Productus semireticulatus. Pleurophorus sp. 

Ambocoelia planiconvexa?. Nucula? sp. 

Seminnla subtilita. Schizodus sp. 

Aviculopecten occidentalis. Bellerophon indt. 
Psendomonotis sp. 

MARION FORMATION. 

Definition and synonymy, — This name was introduced by Prosser^ 
from the locality of Marion, where it is represented. The Marion 
concretionary limestone and Marion flint, named by him, should not 
be confused with it, since, as has already been stated, they belong in 
the Winfield formation. Although there may be some question 
because of apparent synonymy as to the propriety of retaining the 
name Marion, it is thought best to do so, since it was used as a for- 
mation name, the terms Marion flint and Marion concretionary lime- 
stone being names given to individual beds. It is probable that the 
Abilene conglomerate, named by Prosser,* will be included in the 
Marion formation. 

Character and extent of the formation, — This formation consists 
largely of shales, although it contains some thin concretionary lime- 
stones and some thin-bedded limestones. Its upper limit has not been 
definitely fixed. About 100 feet of it is represented in the Cotton- 
wood Falls quadrangle, where a portion of it has been mapped. Its 
entire thickness has been estimated at between 300 and 400 feet. 

Preliminary faunal list, — The following list is based on collections 
from twenty-eight localities : 

Spirorbis sp. Leda sp. 

Septopora sp. Nucula sp. 

Derbya robusta. Edmondia snbtruncata? 

Productus semireticulatus. Edmondia? sp. 

Seminula subtilita. Pleurophorus sp. 

Aviculopecten occidentalis. Aclis? sp. 

Pseudomonotis hawni. Soleniscus sp. 

Myalina aviculoides? Gasteropod indt. 

Bakewellia parva. Bellerophon stevensiarius? 

Pinna ? peracuta. Phillipsia sp. 
Yoldia subscitula. 

WELLINGTON SHALES. 

The name "Wellington shales" was proposed by Cragin^ for the 
shales above the Marion formation. This name has been accepted by 
Prosser.^ On the Smoky Hill River, and to the west of the area in 
which the formations above described are typically represented, the 

a Jour. GeoL, Vol. Ill, 1895, p. 786 c Colorado College Studies, Vol. VI, pp. 3 and 16. 

i>Ibid., p. 788, dUnlv. Geol. Surv. Kansas, Vol. n, p. 67. 
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thickness of the Wellington shales is 200 feet or more. They are over- 
lain on their western border by the Cretaceous rocks. A brief refer- 
ence to their variation in their lateral extent has been made in this 
paper under the head of "Divisions of the Carboniferous on lithologic 
grounds." 

FORMATIONS DESCRIBED IIS^ N^ORTHERN INDIAN TER- 
RITORY AND PREXiIMINARY LISTS OF FOSSIXiS FROM 
THEM.' 

FORT SCOTT LIMESTONE. 

This formation was traversed with considerable care from west 
of Chetopa, on the Kansas border, into Indian Territory as far as 
the Arkansas River. « It occurs in ^ prominent escarpment, and 
the stripping of coal and the quarrying of the limestone in this 
operation render the outcrop conspicuous. It trends past Kinni- 
son and Eagle to Chelsea. From Chelsea the outcrop is nearly 
parallel with the railroad to Claremore and Catoosa. Throughout 
this interval the limestone is less important. A sandstone, which 
is interbedded between the two members, gradually develops, and the 
lower member is seldom seen. In the town of Catoosa, and on the 
creek to the southwest, the upper limestone is exposed. The strike 
of the formation from Catoosa is southwestward across the Arkan- 
sas River. It could not be followed with certainty because of the 
disappearance of the limestones, but the horizon, as indicated by 
associated sandstones, was traversed to a point between Holdenville 
and Wewoka. This made possible the correlation of the Kansas sec- 
tion of the Coal Measures with that of the area of the Choctaw coal 
field thus far surveyed, and shows that in the Choctaw Nation there 
are above the lowest productive coal 9,000 feet of shales and sand- 
stone which are lower than the Fort Scott limestone. It will be 
remembered that the Cherokee shales, which occur below the Fort 
Scott limestone in Kansas, are biit 450 feet thick. It is probable that 
the increased thickness of the section in the eastern part of the Indian 
Territory is due to a thickening of the shales and sandstones south- 
ward and an unconformity and overlap along the contact with the 
Lower Carboniferous. 

Preliminary faunal list. — The following fossils were obtained at one 
locality: 

Fnsnlina cylindrica. Marginifera wabashensis. 

Lophophyllum proliferum. Spirifer camerattis. 

Archaeocidaris sp. Squamularia perplexa. 

Rhombopora lepidodendroides. Spiriferina kentuckyensis. 

Orbiculoidea missouriensis. Seminula subtilita. 

Derbya crassa. Dielasma bovidens. 

Chonetes mesolobus. Hustedia monnoni. 

Chonetes flemingi. Bellerophon crassns. 

Productus semireticnlatns. Orthoceras sp. 



aAdams, Bull. U. S. Geol. Survey No. 184, 1902, v- ^- 
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OOLOGAH LIMESTONE. 

Type locality, — This formation was named by Drake ^ from expo- 
sures at Oologah. The thickness assigned in the sections accompany- 
ing the description is 50 feet. The line of outcrop of this formation 
was not mapped. 

Correlation,— TXiQ limestone outcropping at Oologah is reported by 
Bennett to consist of two members, separated by a shale bed. From 
Oologah southwestward this formation occurs conspicuously in bluffs, 
which are particularly prominent on the Verdigris River and Bird 
Creek. West of Catoosa the limestone outcrops at many places on 
the divide between the Verdigris and Arkansas rivers. It is quarried 
extensively for ballast at Mingo, at which place it has a thickness of 
nearly 100 feet, according to the record of a drilled well. This esti- 
mate, however, may include some shale beds. The coal which is mined 
at Dawson and at places farther north toward Connellsville occui's 
above this limestone. The outcrop of the limestone trends to the 
southwest, but has not been followed beyond the Arkansas River. 

From the vicinity of Oologah the formation was traced northeast- 
ward to the Kansas line. It is conspicuous along the Verdigris east 
of Nowata and in the escarpment west of Big Creek all the way to 
the Kansas boundary. In this interval there are two members, sepa- 
rated by an interval of shale which thickens northward until it is 
approximately 100 feet on the head of Big Creek. The upper mem- 
ber of the limestone was determined by Mr. Bennett to be the equiva- 
lent of the lower member of the Parsons forpiation as mapped and 
defined by Adams. The equivalency of the lower member of the 
Oologah has not been definitely determined. It is not impossible that 
it maj^ prove to be a continuation of the Pawnee. The Parsons lime- 
stone in the southern part of Labette County has been reviewed by 
Bennett and found to consist of two members, the upper member of 
which has been mapped onl}'^ tentatively in the Indian Territory. 
This limestone was observed by Adams along the Verdigris River at 
several localities south of Coffeyville. The thin ledge seen on the 
hill in the western part of Nowata is a representative of it. The shale 
bed which separates the upper and lower members of the Parsons 
apparently thickens in the Indian Territory. 

Preliminary faunol lists, — The following fossils were obtained from 
the lower Oologah limestone and are from four localities; 

Campophyllum sp. Productus cora. 

Syringopora ? sp. Productus semireticulatus. 

Fenestella sp. Marginifera wabashensis. 

Septopora sp. Spirifer cameratus. 

Fistulipora sp. Squamularia perplexa. 

Derbyacrassa. Seminula subtilita. 
Productus nebraskensis. 



aProc. Am. PhiloB. Soc., Vol. XXXVI, 1897, p. 877. 
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The following fossils are from the Oologah limestone at tour local- 
ities where the upper and lower members are closely associated: 

Amplexns sp. Prodnctus semireticulatus. 

Campophyllnin torquium? Spirifer cameratus. 

Axophyllum mde. Squamularia perplexa. 

Syringopora ? sp. Spiriferina kentuckyensis. 

Fenestella sp. Seminula subtilita. 

Fistulipora sp. Clelothyris orbicularis. 

Prismopora serrata. Hnstedia mormoni. 
Rhombopora lepidodendroides. 

The following fossils were obtained from the upper limestone mem- 
ber of the Parsons at one locality : 

Lophophyllum proliferum. Marginifera wabashensis. 

Cladopora ? sp. Spirifer camerattis. 

Fenestella sp. Squamularia perplexa. 

Stenopora sp. Spiriferina kentuckyensis. 

Fistulipora sp. Seminula subtilita. 

Prismopora serrata. Cleiothyris orbicularis. 

Orbiculoidea missouriensis. Hustedia mormoni. 
Chonetes flenaingi. 

COAL ABOVE THE OOLOGAH LIMESTONE. 

Localities. — At Dawson there is a bed of coal which is from 26 to 30 
inches thick. It has been mined by stripping and has been opened 
at several localities adjacent to Dawson. The bed at Collinsville is 
perhaps in the same horizon. The position of the coal with respect 
to the Oologah limestone, as determined by a well record, is something 
over 200 feet higher. 

Preliminary faundi list — From the shales associated with the coal 
bed the following fossils were obtained from four localities: 

Aulopora'sp. Nucula ventricosa. 

Fenest«Ila sp. Leda bellistriata. 

Chonetes glaber. Phanerotrema grayvillense. 

Martinia ? sp. . Phanerotrema n. sp. 

Aviculopecten sp. Euomphalus subrugosus. 

Aviculopecten carboniferus. Euphemus carbonarius. 

Allerisma terminals. Orthoceras rushense. 

Edmondia sp. Temnocheilus sp. 
Schizodns sp. 

DRUM LIMESTONE. 

Locality and thickness. — In studying the oil and gas fields of the 
Indian Territory ^ the Drum limestone was traversed by Adams from 
the outcrop west of Coffeyville to Bartlesville. It occurs on the divide 
between the Verdigris and Caney, extending southward to Hogshooter 
Creek, and thence northwestward to Bartlesville. The section of the 
formation has not been studied in detail. Its thickness within the 



aBuU. U. S. Geol. Survey No. 184, 1902. 
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Territory, however, varies considerably from that which it has near the 
Kansas line. The mapping of it presented herewith is only tentative. 
Preliminary faunal list — ^The following fossils were obtained at 
three localities: 

CampophyUnin torqnium. Euconispira sp. 

Axophyllum rude. Seminnla subtilita. 
Fenestella sp. 

PAWHUSKA LIMESTONE. 

Locality and thickness. — This formation was named by J. P. Smith,* 
who determined some fossils from it and referred it to the Upper Coal 
Measures. On the authority of Mr. H. C. Hoover, who collected the 
fossils, the formation is reported to be 100 feet thick and to consist of 
massive limestone, which is found outcropping 3 miles northwest of 
Pawhuska. In Drake's section the greatest thickness given for a bed 
identified as Pawhuska limestone is 10 feet. The line of outcrop of 
this formation was not mapped \yy Drake. 

Correlation. — The Lecompton, Deer Creek, and Hartford limestone 
formations are shown in the mapping by Bennett to be the equivalent 
of the limestones which were reported by Haworth from Adams's field 
notes as the Upper and Lower Elk Falls. A more careful study has 
shown that what was called the Upper Elk Falls .is the equivalent of 
the Deer Creek and Hartford. 

In the reconnaissance made in the Osage Nation by Adams * the lime- 
stones which had been denominated the Elk Falls were traversed and 
found to be the equivalent of the Pawhuska, which had been named 
previously by Smith. In the report of this reconnaissance it is stated 
that the Pawhuska consists of three distinct members. It is possible 
that they are the equivalents of the Lecompton, Deer Creek, and 
Hartford formations, although there is little certainty in such correla- 
tion, the intervening distance being so great. 

LIMESTONE AT PAWNEE, OKLA. 

Locality. — This formation was named by Drake. ^ It is the lime- 
stione which outcrops on the east side of the court-house grounds at 
Pawnee, Okla. Its line of outcrop was not mapped. The name 
Pawnee is preoccupied by the Pawnee limestone of Swallow in the 
Kansas section. This limestone can not now be correlated with the 
Kansas section from stratigraphic information. 

Preliminary faunal list. — The following fossils were obtained at 
the court-house square in Pawnee : 

Fusulina cylindrica. Meekopora sp. 

Sponge. Derbya robnsta ?. 

Eocidaris ? sp. Meekella striaticostata. 



a Jour. Geol., Vol. II, 1894, p. 199; see also Proc. Am. Philos. Soc, Vol. XXXV, 1896, p. 390. 
ft Carboniferous and Permian age of the Red Beds of eastern Oklahoma: Am. Jour.Sci., 4thser.t 
Vol. XII, 1901, p. 384. 
cProc. Am. Philos. Soc, Vol. XXXVI, 1897, p. 386, footnote. 
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Chonetes flemingi ?. 
Productus semireticTilatns. 
Productus nebraskensis. 
Productus cora. 
Productus sp. 
Marginifera wabashensis. 
Spirifer cameratus. 
Ambocoelia planiconvexa. 



Seminula subtilita. 
Hustedia mormoni. 
Dielasma bovidens. 
Pugnax Utah. 
Aviculoi)ecten m'coyi. 
Aviculoi)ecten occidentalis. 
Euomphalus subrugosus. 



COIiUMlS^AR SECTIOIS^. 

The individual formations which have been described are here pre- 
sented in a columnar section. No attempt is now made to group the 
formations, or to establish divisions of the Coal Measures, such as 
Upper, Middle, and Lower. The sedimentation was continuous, and 
there is no definite faunal break. 

The thickness assigned to the individual formations is not in all 
cases the thickness observed where the type section was made, for in 
their lat-eral extent many variations are known to occur, and it has been 
thought best to state an average which may be used in estimating the 
total thickness of the formations. From a number of computations 
and from comparison with the records of deep wells it has been found 
that the sum of the thickness of individual formations agrees fairly 
well with the section which would be passed through in boring. 

Columnar section of the Carboniferous rocks of Kansas, 



No. 

47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 



Name of formation. 



Wellington shales . 

Marion formation 

Winfield formation 

Doyle shales. . . : 

Fort Riley limestone 

Florence flint 

Matfield shales 

Wreford limestone 

Garrison formation 

Cottonwood limestone ... 

Eskridge shales 

Neva limestone 

Elmdale formation 

Americus limestone 

Admire shales 

Emporia limestone 

Olpe shales 

Barclay limestone 

Bull. 211—03 5 



Thick- 
ness in 
feet. 



+200 

+100 

25 

60 

40 

20 

70 

40 

120 

6 

40 

10 

130 

5 

40 

10 

60 

7 
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Columnar section of the Carboniferous rocks of Kansas — Continued. 



No. 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 



Bnrlingame shales 

Howard limestone 

Severy shales 

Hartford limestone . . 

Calhoun shales 

Deer Creek limestone 

Tecumseh shales 

Lecompton limestone 

Kan waka shales 

Oread limestone 

Le Roy shales 

Stanton limestone 

Lane shales _ 

lola limestone . - 

Vilas shales _ 

Earlton limestone . . . 

Chanute shales 

Drum limestone 

Cherry vale shales _ . _ 
Dennis limestone . . _ 

Galesburg shales 

Hertha limestone 

Dudley shales 

Parsons limestone . . 

Bandera shales 

Pawnee limestone . . . 

Labette shales 

Fort Scott limestone - 
Cherokee shales 



Name of formation. 



Total thickness 



Thick- 
ness in 
feet. 



120 
7 
75 
25 
60 
25 
75 
20 

100 
40 

150 
30 

100 
30 
75 
15 

200 
30 

120 
15 

100 
20 

150 
25 

100 
25 
60 
25 

450 



3,250 



ADAMS.] 8TEATIGBAPHY. 67 



DTVTSIONS OF THE CARBOIS^IFEROUS AND GROUPINGS OF 

FORMATIONS. 

DIVISIONS PREVIOUSLY PROPOSED. 

The section of the Carboniferous rocks given by Swallow « was 
divided into a number of series, which apparently were made simply 
for convenience, for no reasons are given for the grouping, and prac- 
tically no attention has been paid to his terms, since subsequent work 
has shown many errors of correlation in the section described by him. 
The names of the series are, from the base upward, Lower Coal series, 
Fort Scott marble series, Fort Scott Coal series. Pawnee limestone 
series, Marais des Cygnes series. Well Rock series, Spring Rock 
series. Cave Rock series, Stanton series. Chocolate limestone series. 
Upper Coal series, and above these the formations which he denomi- 
nated Lower Permian, Permian, and Triassic. 

Following a usage which seems to have originated in other coal 
fields, various writers have used the terms Lower and Upper Coal 
Measures, and sometimes Lower, Middle, and Upper Coal Measures. 
The division Middle Coal 'Measures has not been clearly outlined by 
anyone. The tendency has been to use only the two terms Lower 
and Upper Coal Measures, since they have been adequate in referring 
to the coal fields of the State. It may be appropriately remarked 
that, for purposes of convenience only, the limits might be placed 
equally well at any one of several horizons. In the publications by 
Haworth the line between the Lower and Upper Coal Measures has 
been drawn to correspond approximately with the divisions made by 
Broadhead between the Lower and Middle Coal Measures of Missouri. 
The formation which was used bj'^ Broadhead for reference in the 
field was a sandstone lying below the Bethany Falls limestone. Inas- 
much as the sandstone is difficult to identify, Haworth has taken the 
base of the lower member of the Erie limestone, which he believes to 
correspond to Broadhead's Bethany Falls limestone, as the plane of 
separation in Kansas. The lower member of the Erie is here described 
as the Hertha limestone. This horizon has been identified in a tenta- 
tive way through Kansas, Missouri, and Iowa. Instead of the terms 
Upper and Lower Coal Measures Keyes^has recently suggested the 
names Des Moinian and Missourian. These names are not adopted 
in this report, since they do not seem to serve any definite purpose in 
the discussion. 

Certain other divisions or groupings of formations are made by 
Haworth in his final correlation,^ as shown in the following table. 
The lithologic units to which Haworth has given names, as limestones 
and shales, have been variously denominated by him and his assist- 



aPrel. Rept. Geol. Surv. Kansas, 1866, pp. 16-3a 

ft Missouri Geol. Surv., Vol. IV, 1894, p. 82. 

oUniv. Geol. Surv. Kansas, Vol. Ill, 1898, pp. 91-94. 
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6. Wabaunsee formation-^ 



ants as ''systems," "beds," and "formations." For the groups of 
these he has used the term "formation" in the table. While the 
terminology used does not materially affect the value of the field 
work done, it is nevertheless confusing, and general readers are likely 
to obtain mistaken ideas as to the value of stratigraphic units or 
groups of units. 

Divisions of the Kansas Coal Measures, after Haworth. 

f7. CottonwcKKifonnation{Cottonwooda^tes^^^ 

A series of alternating lime- 
stones and shales to which 
individual names have not 
yet been given. 

Burlingame limestones. 

Osage shales. 

Topeka limestones. 

Calhoun shales. 

Deer Creek limestones. 

Tecumseh shales. 

Lecompton limestones. 

Lecompton shales. 

Oread limestones. 

Lawrence shales. 

Gamett limestones. 

Lane shales. 

lola limestone. 

Thayer shales. 

Erie limestones. 

Upper Pleasanton shales. 

Altamont limestone. 

Lower Pleasanton shales. 

Pawnee limestone. 

Labette shales. 
[Oswego limestones. 
Cherokee shales Cherokee shales. 



B. Upper Coal Measures. J 



5. Shawnee formation . 



4. Douglas formation _ . 

3. Pottawatomie forma 
don. 



A. Lower Coal Measures. 



2. Marmaton formation. 



1. 



In connection with these divisions a review is given of the use of the 
terms Lower, Middle, and Upper, and Lower and Upper Coal Meas- 
ures, and the grouping of the formations which is made is stated to be 
''natural" and well marked strati graphically. 

In the study of the upper portion of the Kansas Carboniferous 
Prosser has likewise designated groups of "beds" as "formations or 
stages." With respect to his usage it is not inappropriate here to 
point out that certain strata which he has named "beds" are appro- 
priately of the rank of formations. His formations or stages appear 
to have suggested the divisions which Haworth made for the lower 
part of the section. Indeed, Prosser's Wabaunsee and Cottonwood 
formations were adopted by Haworth. The following table exhibits 
the classifications and groupings which were made by Prosser.® They 
are presented here in abbreviated yet essentially complete form. 



"Upper Paleozoic rocks of Kansas: Jour. Geol., Vol. Ill, 1895, p. 797. 



ADAMS.] 



8TRATIGBAPHY. 



69 



Section of the Carboniferous rocks of Kansas, after Prosser. 



Period. 


Series. 


Formation or 
stage. 

• 


Stratigraphic chaiucters of the different 

beds. 




Permian _ _ _ 


Marion 


Shales and marls alternating with 
beds of gypsum. 

Limestones and marls. 

Abilene conglomerate. 

Shaly limestone, concretionary lime- 
stones, and thin limestones. 


Carboniferous _ 


Chase _ . 


Marion concretionary limestone. 
Yellowish shales. 
Marion flint. 

Various colored shales with lime- 
stone. 
Fort Riley or Florence limestone. 
Buff shaly limestone. 
Florence flint. 
Shales and limestone. 
Strong flint. 




Neosho 


Shales, massive limestone, and inter- 
bedded shale and limestone. 




Upper Coal 
Measures. 


Cottonwool - 


Cottonwood shales. 
Cottonwood limestone. 




Wabaunsee _ 


Shales. 

Dry bone limestone. 

Shales and limestones. 




Missouri. 





Paleontologic collections were made and studied by Prosser for the 
purpose of determining the boundary between the Coal Measures and 
the Permian. The stages which he has recognized appear to have 
been established by the occurrence of fossils. In the case of the 
grouping by Haworth stratigraphy has ^en considered rather than 
paleontology. The only paleontologic evidence adduced in support 
of his divisions is the change in the fauna which Bennett reported as 
occurring at the division line between the Lower and Upper Coal 
Measures, and this, although it may prove to be important, is at 
present based upon the range of only a few species, and particularly 
on the occurrence of Chonetes mesolohus. 



DIVISIONS OF THE CARBONIFEROUS ON LITHOLOGIC GROUNDS. 

Considering the characters of t'he rocks as they appear to the casual 
observer, and more particularly to the student of stratigraphy, there 
are certain well-marked changes that may be seen by one crossing 
their area at right angles to the strike (^see ^^. \^.> ^. '^'^^. 
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In the southeastern portion of the State, at the base of the section, 
there is a belt of country in which shales and sandstones are the only 
rocks found. This belt widens in the Indian Territory by the thick- 
ening of the formation and the addition to the lower portion of the 
section of beds which are not represented in Kansas because of uncon- 
formity by overlap. 

At the western border of this bed of shales the first limestone of the 
section appears. In traveling westward, and consequently in cross- 
ing the higher formations, which are exposed as a result of the west- 
ward dip, other limestone beds are found interstratified with the 
shales and sandstones at varying intervals. The texture of the lime- 
stones and their general appearance is far from being uniform, but 
they are all alike in becoming, on exposure to atmospheric agencies, 
more or less yellowish by reason of the oxidation of the iron contained 
in them. The limestones which are valuable for building purposes 
are largely marred in beauty by the yellowish tinge which they gradu- 
ally assume, and occasionally beds which have been long exposed are 
even brown. 

Higher in the section, in the country to the west along a line passing 
approximately through Grenola, Eureka, Emporia, and Manhattan, 
the limestones, which are interstratified with shales, are seen to be 
much whiter. The line of transition from the yellowish to the whiter 
rocks is approximately at the Americus limestone. The occurrence 
of limestones in hillsides and terraces is conspicuous because of their 
glaring color, which is in strong contrast with the vegetation at all 
times of the year. , Along with this change in color there is a certain 
change in texture, which is not easy to define but which is so marked 
a feature that anyone familiar with the building stones of eastern 
Kansas would have little hesitancy in stating whether a building was 
constrrujoted of limestone from this belt or the one to the east. The 
higher rocks are less crystalline and have a rougher fracture. Their 
jointing is also less pronounced, and the individual blocks are usually 
right-angled, while those of the lower limestones are more acute. 
The difference in texture has given rise to the term ''magnesian," 
although they are not propeHy so called. 

Higher in the section of the Carboniferous in central Kansas the 
limestones gradually become unimportant and disappear. In this 
area the beds are practically all bluish or maroon-colored shales — the 
Wellington shales. The relation of the rocks of the Red Beds area to 
these shales has not been thoroilghly studied, but it appears that there 
is a transition southward to beds of a more sandy nature and of a red 
color. 

In order to avoid complications in the nomenclature of the Carbon- 
iferous it is thought advisable not to give names to these divisions. 
For the purpose of description they may be referred to, following the 
order in which they have been described above, as (1) lower shales 
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and sandstones; (2) interstratified limestones, shales, and sandstones; 
(3) limestones, interstratified principally with shales; (4) bluish and 
purplish shales. Corresponding in a measure with these divisions, 
there are certain other changes which may be mentioned here. The 
lower shales and sandstones carry the thicker beds of coal. The sec- 
ond belt of rocks carries the thinner beds of coal, some of which, 
however, are workable. Above the upper limit of the second division 
coal is not found, unless certain reported occurrences of beds an inch 
or two in thickness are to be considered. The shales in all the hori- 
zons where coal is found are not infrequently carbonaceous, and are 
laminated and fissile. The shales interstratified with the higher 
limestones and those occurring in the belt to the west of them are 
more claj^ey and seldom sandy. They carry beds of gypsum of con- 
siderable thickness at a number of horizons, particularly in the upper 
part of the limestone division and in the southern extension of the 
blue shales. 

The distinctions which have thus far been outlined in Kansas do 
not hold when the rocks are followed south westward along their strike 
into the Indian Territory. Approximately along the Arkansas River, 
or a little south of that stream, the interstratified limestones disap- 
pear from the section, and the formations are accordingly shales and 
sandstones. Moreover, the rocks in the Indian Territory gradually 
assume a red color in the higher portions of the section, the line of 
transition to this color being diagonal to the strike. The Red Beds 
of Kansas belong to this phase. 

It appears that, for the purpose of studying the stratigraphy as 
well as the paleontology, Kansas is a better field than the Indian Ter- 
ritory, for the reasons that at varying intervals during the period of 
deposition conditions prevailed there whicli were favorable to an abun- 
dance of invertebrate life, and, moreover, the record of oscillation, 
which resulted in the change of sediments, is there sharply marked 
in the alternations of limestone and shale beds. 

The changes in the character of the sediments and the differences 
in color and texture of the limestones are facts which should not be 
forgotten in establishing the divisions of the Carboniferous rocks. 
The question whether these changes were accompanied by faunal 
changes is one of particular interest. Thus far the broad divisional 
lines in the Carboniferous, which have been suggested by various 
workers, are the limits between the Lower and Upper Coal Measures 
and between the Upper Coal ifteasures and what has been called the 
Permian or Permo-Carbonif erous. Both of these rest at present upon 
paleontologic grounds. It is interesting to note that the lower line 
has been drawn a relatively short distance above the first limestone in 
the section, and that the upper line has been drawn a similar distance 
above the first of the white limestones. It may be that the faunal 
changes are appropriately marked by these divisions- and in such case 
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they have followed eerlain changes of conditions of sedimentation. 
Regarding the paleontologic work which was used as a basis for the 
division between the Lower and Upper Coal Measures, it may be 
stated that it was far from being sufficiently exhaustive to settle the 
matter. That which was done in studying the higher portion of the 
section relative to the determination of the lower limit of the Permian 
was more extended, but it was not entirely in accord with the results 
of previous workers, and no subsequent corroborative faunal studies 
have been made. At both division lines the faunal changes are 
acknowledged to be not well marked, as naturally would be expected 
where sediments form an unbroken series. 

REIiATION OF PERMIAN VERTEBRATES TO THE KANSAS 

SECTION. 

Near the southern border of Kansas, in Cowley County, at a place 
about 5 miles northeast of Maple City, some vertebrate remains were 
found in the shale thrown out in digging a well. These were collected 
by Mr. C. N. Gould and sent to Dr. Williston, who identified the 
bones generically^ and considered them as indicating the Permian. 
The horizon in which these bones were found has been identified as 
the Garrison formation, although the correlation necessarily rests 
upon rather meager evidence, since the distance from the type locality 
is considerable and the invertebrate fossils have not been studied 
critically enough to admit of accurate identification of horizons. 

In northeastern Oklahoma, in the area of the so-called Red Beds, 
there is a locality which has yielded Permian vertebrate remains. 
The material has come from two places, one known as McCann's 
quarry,^ 5 miles southeast of Nardin, in Ka}^ County, the other 2 miles 
northeast of Orlando. The material has been studied by Dr. Wil- 
liston, who has found that it represents characteristic Permian forms, 
such as have been reported from Texas. The stratigraphic position 
of the vertebrates from near Nardin and Orlaudo has not been defi- 
nitely determined. They occur to the southwest of the southern 
extension of the so-called Permian limestones of the Kansas section, 
but no horizon has been traced connecting the locality with the Kan- 
sas section. 

The identification of the Permian in the western interior of the 
United States for a long time rested upon the occurrence of reptilian 
remains, such as were first described by Cope from the Red Beds of 
Texas. The occurrence in Kai)sas and Oklahoma of the same genera 
which are found in Texas makes it possible to correlate the formations 
tentatively. The material in the Kansas section is meager. No 
doubt moi"© will be found, and possibly Permian forms occur, at lower 
horizons than the Garrison formation. 



eHotioe of the Tertebrate remaixis from the Kansas Permian- Kansas Univ. Quart., Vol. VI, 
1808, p. 96. 
^Kansas Univ. Quart., Vol. IX, 1900, pp. 176-177; also Jour. Geol., Vol IX, 1901, p 337, 



TABULATED LIST OF INVERTEBRATE FOSSILS FROM THE 

CARBONIFEROUS SECTION OF KANSAS. 

By George H. Girty. 

Value of the table. — The value attaching to tables such as the one 
given below depends upon the consideration of several factors. The 
most important among these appear to be the following: 

(1) The precision with which the collections are located in the gen- 
eralized section. 

(2) The consistent accuracy of the determination of species. 

(3) The variety and abundance of the formational faunas, and the 
uniformity maintained in these particulars throughout the section. 

(4) The completeness with which the faunas are represented in 
these particulars by the collections. 

With all these elements favorable, the sequence of faunas and the 
range of species shown by this table should be applicable to a consid- 
erable area. Its applicability should, indeed, be limited only by 
facts of identity of horizon and of basinal boundary. 

As I have not visited the Kansas field, the assignment of the collec- 
tions upon which the tabulated lists are based to their proper posi- 
tions in the section is entirely the work of others — Messrs. Adams, 
Beede, Bennett, and Prosser — who made the collections while studying 
the stratigraphy. 

The specific determinations were made by me, and I may add that 
I would not have chosen to present results of a preliminary character, 
such as these, if the careful discussion of the stratigraphy and nomen- 
clature of Kansas Carboniferous rocks which Dr. Adams has prepared 
had not seemed to invite a brief and subordinate account of the fossils 
which they contain. Because it is my purpose at some future time to 
offer a fuller discussion, based upon a more accurate discrimination 
of species, I will pass. over many points of interest in the sequence of 
Carboniferous faunas of Kansas, and touch lightly upon others. 

The constituents of the Kansas section consist of alternations of 
limestone and shale, the latter sometimes containing more or less 
sandstone. During limestone-making periods invertebrate life was 
varied and abundant; but few of the mud beds, however, appear to 
have supported animal life. With some exceptions, therefore, only 
alternate formations are represented by fossil faunas. The youngest 
fauna obtained is that of the Marion formation, the Wellington hav- 
ing so far proved devoid of marine fossils. The oldest fauna oc/ewx^ 
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in the Cherokee shales. It is rather meager, so far as known, but it 
is probable that numerous additions to our list of species can be 
obtained at favorable localities. Many of the faunas in the section 
are large and varied, and while all are not equally extensive, I believe 
that their uniform excellence is far above the average in sections of 
^ual length. 

The faithfulness with which faunas, as the term must necessarily be 
understood when fossils are in question, are represented by collec- 
tions depends in some measure upon the collector, but chiefly upon 
the number and extent of the collections. These factors necessarily 
enter into all collections, but ours are open to unusually little criti- 
cism. In number they comprise not far from 500 local lots of greater 
or less extent, and while some horizons are more amply represented 
than others, it is thought that no serious misrepresentation of fact is 
occasioned by this circumstance. The preservation of almost all of the 
Kansas material, it should be remarked, is unusually fine, and, with 
the exception of the specific determinations, which, as already said, 
are of a preliminary character, the conditions are most favorable for 
making the Kansas section, as its association and range of species 
and succession of faunas are shown by our collections, representative 
for a large territory in central United States. There can be no doubt, 
however, that most of the formational faunas will be increased by 
additions of species not contained in my lists, and by the prolonga- 
tion of the range of others. 

In the table are included only species obtained from Kansas, and 
only those represented in our collection. Many faunal lists, some of 
them prepared with care, have been published by Bennett, Beede, 
Prosser, Rogers, and others, but it has been thought best not to incor- 
porate these with my own. A few collections from equivalent hori- 
zons were obtained from Indian Territory, chiefly from the lower 
portion of the section. Lists of the species identified will be found in 
the stratigraphic discussion. They agree reasonably well with those 
of the horizons with which the geologic evidence indicates that they 
are equivalent. A single collection was made at Pawnee, Okla., the 
stratigraphic position of which is somewhere above the Pawhuska 
limestone. It was obtained from the bed which Drake named the 
Pawnee limestone, and which was included by him in the Permian. 
The position of the Pawnee fauna in the Kansas section is not low in 
the series nor yet at the very top. I judge that it represents about 
the horizon of the Elmdale or of the Garrison formation, at the base, 
or just below the base, of Prosser's Permo-Carboniferous. 

An inspection of the table shows the evolution of the latest from 
the earliest faunas in the section to have been a progression from a 
brachiopod to a pelecypod facies. The gi*adual character of this 
replacement has been remarked by most paleontologists who have 
studied the faunal succession. It is without marked interruption at 
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any point, so that subdivisions appropriate for recognition are not 
clearly apparent, and there is room for differences of opinion as to 
where delimitation should be made. Several different classifications 
have in fact been proposed, but no one seems to be especially favored 
by the evidence of invertebrate paleontology. 

Range of genera and species. — Previous writers have in several 
instances called attention to the range of individual genera and 
species in the Kansas section. Mr. Prosser has stated :« "We have 
not seen Spirifer cameratus above the Wabaunsee formation, or the 
last two species [Athyris suhtilita and Productus semireticulatus] 
above the Chase formation." Our collections, however, extend the 
range of Spirifer cameratus into the Garrison formation, and of 
Produckts semireticulatus and Athyris suhtilita into the Marion. 
The same author has recorded that of the brachiopoda only a few 
specimens of Derbya have been found in the Marion formation, but 
by the occurrence above referred to a Productus of the type of semi- 
reticulatus and a Seminula resembling suhtilita are added. Mr. 
Prosser also attaches significance to the abundance of Fusulina in the 
Cottonwood formation. Our collections show that this genus ranges 
from the Fort Scott limestone into the Fort Riley limestone, and that 
it is very abundant at several horizons. The Lecompton limestone 
may be mentioned in addition to the Cottonwood formation. Mr. 
John Bennett first directed my attention to the fact that Chonetes 
mesolohus does not range above the Parsons limestone. This obser- 
vation our collections seem to substantiate ; nor need the doubtful 
identification recorded for the Hartford limestone be taken in contra- 
diction, for that form is probably new and as closely related to 
Chonetes gluher as to Chonetes mesolohus. Except for its reappear- 
ance in the Admire shale, Rhipidornella pecosi seems to be character- 
istic of the lower part of the section, while Enteletes first appears in 
the lola limestone, where Jt is abundant, and ranges through nineteen 
formations. Derhya crassa is more or less completely replaced in the 
upper part of the section by the larger form, which I have identified 
as Derhya rohusta^ and similarly Chonetes flemingi is supplanted by 
the related Chonetes granulifer. The Producti are of course most 
abundant and persistent, the semireticulatus type continuing from 
the beginning to the end of the section. The other types have a less 
extensive range, which, so far as ascertained, can be seen in the table. 
The range of Spirifer cameratus has already been commented on. 
It seems to me a noteworthy fact that not a single Spirifer of the 
Keokuk type {Spirifer opimus Hall, probably = Spirifer rochymon- 
tanus Marcou) is to be found in our collection. Squxxmulariaperplexay 
a characteristic and frequently abundant species, appears to end with 
the Hartford limestone, while Amhocoelia planiconvexa extends with 
some interruptions almost to the top of the section. Spiriferina ken- 



n Jour. Ge<)l., Vol. in, 18a5, p. 790. 
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ticckyensis occurs in the Olpe shale, but not later, and here again the 
absence of Spiriferma of the spinosa type is a marked peculiarity. 
Seminula suhiilita^ as already remarked, has a range coextensive with 
the section, and Cleiothyris orbicularis, usually a rare form, occurs 
only in the lower portion. Of the pelecypods I will speak at less 
length. Their appearance in the lower part of the section is at best 
scattering, and their preservation is such as usually to obliterate 
generic and frequently to obscure specific characters. Psevdomonotis 
and Bakeivellia are interesting as being- especially Permian types. 
Mr. Prosser mentions Pleurophorus in this connection, but that genus 
ranges well down into our Mississippian beds. Pseudomonotis begins 
as early as the lola limestone, but it is rare, and only becomes abun- 
dant later in the section. This is still more true of BakeweUiay whose 
range, after an isolated occurrence in the Olpe shale, is restricted to 
the six formations at the top of the section. Myalina subquadratay 
that large and striking Carboniferous species, ranges through the 
middle third of the section with a possible reappearance in the Mat- 
field shale. However, while the range of individual species is inter- 
esting and often significant, the fact should not be lost sight of that 
all reliable results in stratigraphic paleontology must be based on the 
consideration of faunas. 
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SUMMARY OF THE FOSSIL PLANTS RECORDED FROM THE UPPER 
CARBONIFEROUS AND PERMIAN FORMATIONS OF KANSAS. 

By David White. 
II^TIlOI>UCTIOI^. 

Being desirous of taking into account all the available data relat- 
ing to the age and correlation of the formations of the Upper Paleo- 
zoic in Kansas, Mr. Adams has requested the preparation of a 
summary of the fossil plants, together with such correlative conclu- 
sions or suggestions as the scanty paleobotanical evidence at liand 
might seem to warrant. Naturally, within tlie very limited time for 
the preparation of this summary it has not been possible to give to 
some of the specimens the careful comparative study necessary for 
their final determination and diagnosis, or to enter upon much-needed 
revisionary work in a number of genera and species from the higher 
Coal Measures. Systematic discussion with synonymy could not be 
included, while the collection of fossils from important or critical 
horizons, however needful at the moment, has, of course, been out of 
the question. Under these conditions this summary must be regarded 
merely as an inventory of such fossil-plant material as has come to 
hand from the Upper Paleozoic of Kansas, wherein are listed tlie 
species ^recorded, with brief annotations and descriptions of a number 
of new Coal Measures types which have long been in manuscript and 
which should not be omitted from such an inventory. 

Nearly all the specimens here discussed are of Coal Measures (Penn- 
sylvanian) age. But very little plant material from beds of the sup- 
posed Permian of Kansas has yet been described. The University of 
Kansas, in connection with its geological survey of the State, has 
accumulated more or less fossil-plant material in its paleontological 
collections. This paleobotanical material, which has been sought 
with especial regard to the Permian problem, is now being studied by 
Mr. E. H. Sellards and will probably receive systematic treatment and 
illustration in one of the proposed volumes of the State university 
survey. The writer is under obligation to Mr. Sellards and to the 
university for specimens, particularly of Permian types, submitted 
for examination or donated to the collections of the United States 
National Museum. This material, so far as it has anywhere yet been 
published, is included in this summary; but such species in the 
material communicated by Mr. Sellards as are new to science or have 
not previously been discovered in the State obviously could not be 
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included without unfairly anticipating their full description by him 
and impairing the originality of his publication. Accordingly, in 
dealing with tlie supposed Permian flora in particular, which he has 
been so successful in discovering, all paleontological discussion of 
the material is here omitted. 

SOURCES AND AMOUNT OF AVAIIiABIiE MATERTAIi. 

No systematic attempt at the collection of fossil plants in the Pale- 
ozoic of Kansas for the purpose of ascertaining the vertical range and 
stratigraphical characteristics of the species had been made prior to 
the recent work of the university survey. In fact it is but a few 
years since Paleozoic fossil plants were regarded by most geologists 
as curios or as important or interesting only on account of their bio- 
logical significance rather than as a valuable aid in geological corre- 
lation. The collections that have been available, ^r that have been 
described, consist largely of material obtained from several horizons 
selected because the fossils, gathered by commercial collectors and 
sold to museums or other institutions, were showy. The greater por- 
tion of the specimens which have been examined were acquired by 
the late R. D. Lacoe, were reviewed in the Coal Flora by Leo Les- 
quereux, and are now in the Lacoe collection in the United States 
National Museum. The Lacoe collection also contains a considerable 
amount of material, chiefly from the Cherokee shales (Des Moinian), 
added to the Lacoe collection aft^r the death of Lesquereux. Small 
collections from the Cherokee, the shales associated with the Erie 
limestone, the Le Roy (Lawrence) shale, the Chanute (Thayer) shale, 
and the Permian, have later been transmitted through the courtesy 
of the State university survey and its paleobotanist, Mr. Sellards. 
The development of a Permian flora in Kansas is due almost entirely 
to the efforts of the geologists of the State university. 

A small collection of fossil woods from the Chase formation (Per- 
mian?) were sent by Professor Prosser to Sir William Dawson and 
Professor Penhallow, the latter of whom described three gymnosper- 
mic types from that formation. « 

As will be seen, the materials, even from the horizons best repre- 
sented, are hardly ample, while from the other horizons at which 
plants have been found the data are extremely meager or altogether 
insufficient. From nearlj^ forty of the formations listed by Mr. 
Adams, including several that are most important stratigraphically 
or whose correlation is most problematic, no paleobotanical evidence 
at all is at hand. 



« Trans. Royal Soc. Canada, Vol. VI, set;, iv, 1900, pp. 71-76. 
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HORIZOI^S AND liOCAIilTIES REPRESEI^TED. 

The formations that have furnished the data included in this sum- 
mary are, in ascending order, as follows: Cherokee shales (Des Moi- 
nian), Dennis (Bethany Falls-Erie) limestone, Chanute (Thayer) 
shales, Le Roy (Lawrence) shales, Severy (Osage) shales, Elmdale 
(Wabaunsee) formation. Chase formation, and Marion formation? 
(Permian). The relations of these formations, their thickness, inter- 
vals, and stratigraphical position in the general section may be seen 
by referring to the table given by Mr. Adams on pages 65-66. 

CHEROKEE SHALES. 

Penitentiary shaft at Lansing, near Leavenworth. A collection 
made by Mr. Oscar Lamm from this deep mine is now in the Lacoe 
collection. A number of specimens were also sent by the universitj'^ 
in 1901. 

CHANUTE (tHAYER) SHALES. 

Thayer, Neosho County. A very small collection identified or 
described by Lesquereux in the Coal Flora, and now in the Lacoe 
collection. Also several species sent by the State univei*sity. 

LE ROY (LAWRENCE) SHALES. 

There are a considerable number of specimens from the vicinity 
of Lawrence, and from Garnett and Ottawa, mostly described by 
Lesquereux and embracing many types, in the Lacoe collection. 
The United States National Museum also contains material sent by 
Mr. E. H. Sellards from a horizon in the upper part of the Lawrence 
shales at Oak Hill Cemetery and University Hill, Lawrence; at Blue 
Mounds, 6 miles southeast of Lawrence; and Twin Mounds, 20 
miles from Lawrence. The specimens from the vicinitj'^ of Lawrence 
reported on by Lesquereux were given no other locality than ** Law- 
rence." They may have come from University Hill or some point in 
the upi)er part of the Le Roy (Lawrence) shales in the neighborhood 
of the city. 

SEVERY SHALES. 

A very small collection from Osage in the Lacoe collection, and a 
few specimens sent by the university from Scranton. 

ELMDALE FORMATION. 

Several lots from Onaga sent to the United States Geological Sur- 
vey by Mr. F. F. Ci-evecoeur. 

CHASE FORMATION. 

Several specimens of fossil wood from Coon Creek and Cottonwood 
Township, Chase County, were sent to Sir William Dawson by Prof. 
C. S. Prosser. 
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MARION FORMATION? 

A collection, consisting largely of new species, from a locality 3| 
miles south of Banner City, Dickinson Connty, was received by the 
United States National Museum through the courtesy of Mr. E. H. 
Sellards and the State university. The mode of occurrence and the 
localities of these supposed Permian plants, which it is thought may 
have come from the overlying Wellington formation as recognized 
by the State survey, have been described by Mr. Sellards.^ Short 
papers describing a few of the interesting plants of the Permian flora 
were published in the Kansas University Quarterly in 1900 and 1901.* 

Following is a brief annotated list of the Coal Measures species in 
hand, accompanied by short descriptions of several new forms in the 
Lacoe collection, United States National Museum, together with the 
enumeration of such species as have been published from the Marion 
formation of Kansas. 

ANNOTATED lilST OF SPECIES, WITH BRIEF DESCRIPTIONS 
OF SEVERAIi NEW FORMS FROM THE COAIi MEASURES. 

Caulerpites n. sp. Lx. Mss. 

A fine alga, figured and described in manuscript by Professor 
Lesquereux, which will be published later, with other Paleozoic types, 
in a posthumous work by that author. 

Lacoe collection, 25134. Severy shales, Osage. 

Excipvlites CalUpteridis (Schimp.), Kidst. 

Found on the pinnules of Pseudopecopteris squamosa. They are 
perhaps to be regarded as glandular rather than as fungoid. 
Lacoe collection, 14487. Cherokee shales, Lansing. 

Eremopteris solida (Lx.) D. W. 

This species, described as Sphenopteris solida, is closely related to 
E. hilobata D. W. 
Lacoe collection, 14219, 14220. Cherokee shales, Lansing. 

« 

Pseudopecopteris squamosa (Lx.) D. W. 

Normal form, possibly inseparable from Sphenopteris neiiropteroides 
Boulaj^ 

Lacoe collection, 14487, 15048. Cherokee shales, Lansing. 

Pseudopecopteris Pluckenetii (Schloth.) Lx. 

Contributed in numerous examples by Mr. E. IT. Sellards, and in 
other collections. 



a Trrins. Kansas Acad. Sci., Vol. XVII, 1900, p. 208. 

^ Vol. IX, Jan., 1900, pp. 63, 64; idem., July, 1900 (published in 1901), pp. 179-188, PI. XXXVH- . 
XLII; and Vol. X, Jan. 1901, pp. 1-12, pi. I-IV. 
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Lacoe collection, 15040, 15047. Cherokee shales, Lansing. 

U. S. National Museum (E. H. Sellards), 8615, 7742. Chanute 
(Thayer) shales, Thayer. 

U. S. National Museum (E. II. Sellards), 7727, 8616. Near top of 
Le Ro3^ (Lawrence) shales. Blue Mounds. 

Mariopteris cordato-ovata ohtusiloba n. var. 

The specimens from Wilkesbarre,Pa., and Ottawa, Kans., described 
or figured by Lesquereux^ as Pseudopecopteris cordato-ovata Weiss 
sp., and which are here designated as a variety of that species, differ 
from the European plant described by Weiss* and Zeiller^ by the 
greater obtuseness of the lobes, which are less distinctly upward 
turned. The pinnae of the Old World plant would seem from the 
figures to lack the basal heterophylly which led the writer^ to refer 
the species to the genus Mariopieris. A small specimen exhibiting 
this Mariopteroid heteromorphy served as the basis of the record^ of 
Mariopteris {'' Pseudopecopteris^^) muricata in the beds at Ottawa. 
The variety obtusiloba is intermediate between the European type, 
the Pennsylvania plant identified by Lesquereux with Brongniart's 
Pecopteris Sillimanniy and Mariopteris ocoidentalis D. W., from Indian 
Territory. The latter is in general much smaller, and its pinnules are 
proportionately narrower and more oblong. The plant in hand has a 
strong likeness in form to Mariopteris mazoniana Lx. sp. 

Lacoe collection, 13511, 13525. Chanute (Thayer) shales, Thayer. 

Lacoe collection, 13512-13525. Le Roy (Lawrence) shales, Ottawa. 

U. S. National Museum (E. H. Sellards), 7723, 8617. LeRoy (Law- 
rence) shales, Blue Mounds. 

Sphenopteris pinnatifida (Lx.) D. W. 

To this species belongs a very small specimen from Thayer recorded 
as 8j)henopteris tenella. The species was also collected from the 
Lawrence shales by Mr. Sellards. 

Lacoe collection, 14321. Chanute (Thayer) shales, Thayer. 

U. S. National Museum, 8630. Le Roy (Lawrence) shales,- Blue 
Mounds. 

U. S. National Museum, 7738. Le Roy (Lawrence) shales. Twin 

Mounds. 

Sphenopteris denticidata Brongn. 

The specimens from Kansas appear to fully agree with examples 
from Cannelton, Pa., to which the above name was applied by Pro- 
fessor Lesquereux. The form in both regions is possibly due to hete- 
rophylly. 

Lacoe collection, 14585. Cherokee shales, Lansing. 

a Coal Flora, Atlas, p. 7, PI. XXXVII, figs. 4, 5. 

cFl. foss. bassin houill. perm. Autun et Epinac, Vol. 1, 1890, pi. 1, figs. 1, la, lb. 

bFl. d. jiingst. Steinkohl. u. Rothliegend. d. Saar-Rh. Geb., p. 28, pi. 1, figs. 1, la. 

rfNineieenth Ann. Rept. U. S. Geol. Survey, Pt. Ill, 1899, p. 481. 

'Coal Flora, Vol. JH, p 881. 



90 UPPER CARBONIFEROUS OF KANSAS. [bull. 211. 

Sphenopterw sp. 
Lacoe collection, 14466. Cherokee shales, Lansing. 

Sphenopteris sp. Sellards. 
Marion formation, Dickinson County. 

Oligocarpia Outbieri Goepp. 

A large number of specimens from Garnett were published as above 
by Lesquereux. The same species has been transmitted by Mr. E. H. 
Sellards. The fragments from Garnett listed in the Coal Flora * as 
Pecopteris Clintonilix, and Callipteridium membranaceumJuX. belong, 
in my judgment, to the same species. 

Lacoe collection, 14075-14089, 14004-14098. Le Roy (Lawrence) 
shales, Garnett. 

U. S. National Museum (E. H. Sellards), 8623. Le Roy (Lawrence) 
shales. University Hill, Lawrence. 

U. S. National Museum (E. H. Sellards), 8622. Le Roy (Lawrence) 
shales. Twin Mounds. 

Oligocarpia n. sp. Sellards. 

U. S. National Museum (E. H. Sellards), 8627. I^ Roy (Lawrence) 
shales, Twin Mounds. 

U. S. National Museum (E. H. Sellards), 8628. Le Roy (Lawrence) 
shales, Lawrence. 

Aloiopteris Winslovii D. W. 

To this species belong also the examples from Thayer listed in the 
Coal Flora as Pecopteris erosa Gutb. 

Lacoe collection, 12391-12398, 12396, 12397. Chanute (Thayer) 
shales, Thayer. 

Lacoe collection, 12390. Le Roy (Lawrence) shales, Garnett. 

LacQe collection, 12394, 12395, 12403 (doubtful). Le Roy (Law- 
rence) shales, Ottawa. 

U. S. National Museum (E. H. Sellards), 7723. Le Roy (Lawrence) 
shales. University Hill, Lawrence. 

U. S. National Museum (E. H. Sellards), 8622. Le Roy (Lawrence) 
shales. Twin Mounds. 

Pecopteris cf. integra (Andra) Zeill. 

Fragments very close to the species figured by Germar as Sphe- 
nopteris integra Andra. 

Lacoe collection, 13808, 13809. Le Roy (Lawrence) shales, Law- 
rence. 

U. S. National Museum (E. H. Sellards), 8684. Le Roy (Lawrence) 
shales. Unknown. 



" Coal Flora, Vol III, p. 881. 
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Pecopferis unita Goepp. Emarginate form. 
Lacoe collection, 12484. Cherokee shales, Lansing. 

Peeopteris Newherriana F. and I. C. W. 

This species, described from the Dunkard formation of the Appa- 
lachian trough, is extremely close to the later (Permian) phase of 
Peeopteris fcemin(eformis (Schloth.)Sterzel, with which the writer was 
at first disposed to place the specimens in hand. 

U. S. National Museum (F. F. Crevecoeur), 8833. Elmdale forma- 
tion, Onaga. 

Peeopteris arhoreseens (Schloth. ) Brongn. 

Among the numerous specimens identified and sent by Mr. Sellards 
under this name are several which have the proporti6ns of Peeopteris 
cyatheay though the nervation appears to be simple. The plant appears 
to agree well with the species as recognized by most authors and with 
examples from the English coal fields in our collections. P. arhores- 
eens is extremely rare in this countrj^, many of the specimens referred 
thereto being found on close examination of the nervation to represent 
quite distinct species. The fructification of the Kansas material is 
of the Asterotheea type, with rather small unequal sporangia in fours. 
Several of the specimens sent by Mr. Sellards closely resemble the 
examples provisionally referred below to P. Iwmitelioides Brongn. 
In the latter, however, the rachis and the median nerve are distinctly 
punctate, while in P. arhoreseens they are smooth. 

U. S. National Museum, 7724, 8G20, 8024, 8631. Le Roy (Lawrence) 
shales. Blue Mounds. 

U. S. National Museum, 7730, 8621. Le Roy (Lawrence) shales. 
Twin Mounds. 

Peex)pteris cf. hemitelioides Brongn. 

This includes the specimens from Ottawa listed by Lesquereux^ 
as Peeopteris aspidioides Brongn. In form and size they are interme- 
diate between P. eyathea and P. liemitdioides. I place them with the 
latter on account of the distinctly punctate rachis, the punctate strong 
median nerve, and the villous lamina, slightly punctulate on the 
nerves. In general, however, the pinnules are hardly so long as in 
typical examples of the latter species. The name Peeopteris aspidio- 
ides is inapplicable to this plant, it having been used by Sternberg* 
for a robust, recurvate type, and by Brongniart for a form with fork- 
ing nervilles referred by Zeiller^ to P. Dauhreei Zeill. From P. 
arhoreseens it differs chiefly by the generally large pinnule and espe- 
cially by the villosity and punctate character of the nerves and rachis. 

nCoal Flora, Vol. Ill, p. 880. 

bVersuch einer geo|?n.-geop:enotiacli-botanisclien Daratell. d. Flora d. Vorwelt, Vol. n, faso. 7-8, 
p. 34, PI. L, flg. 5. 
<'F1. foes, bassin perm. Brivt«, 1892, p. 18. 
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The Ottawa specimens are closely related to the plants from Rhode 
Island which were described by Brongniart « as Pecopteris arguta 
Sternb., but which, since P. arguta was merely a name given by Stern- 
berg^ to Schlotheim's FUidtes fcRminceforinis, Goeppert^ renamed, 
copying Brongniart's figure, as Pecopteris elegans. The latter species, 
in which the straight, narrow pinnules are hardly joined at the base, 
while the rachis appears to be smooth, includes most of the examples 
from Olyphant, Pa., and from Rhode Island, placed by Lesquereux in 
P. argut-a^ P. arborescens, and P. elegans. 

Lacoe collection, 12609-12616, 13359. Le Roy (Lawrence) shales, 
Ottawa. 

Pecopteris hemitelioides Brongn. 

Specimens apparently agreeing with this species as described from 
the highest Coal Measures of France have been transmitted by Mr. 
F. F. Crevecoeur. 

U. S. National Museum, 8834. Elmdale formation, Onaga. 

Pecopteris squamosa Lx. 
Lacoe collection, 12700. Cherokee shales, Lansing. 

Pecopteris Candolliana Brongn. 

The form of the apex of the pinna as well as the nervation in the 
fragments referred by Mr. Sellards to this species are very similar to 
those of Pecopteris lepidorrhachis. 

U. S. National Museum (E. H. Sellards), 7729. Le Roy (Lawrence) 
shales. Twin Mounds. 

Pecopteris vestita Lx. 

Lacoe collection, 13999. Cherokee shales, Lansing. 
U. S. National Museum (E. H. Sellards), 8625. Cherokee shales, 
Lansing. 

Pecopteris villosa Brongn. ? 

The specimens represent the Mazon Creek and Cannelton form 
identified by Lesquereux as above. 

Lacoe collection, 13257. Cherokee shales, Lansing. 

IT. S. National Museum (E. H. Sellards), 8619. Cherokee shales, 
Lansing. 

Pecopteris oreopteridia (Schloth.) Brongn. ? 

Fertile pinnae doubtfully referred to this species. 
U. S. National Museum (F. F. Crevecoeur), 8831. Elmdale forma- 
tion, Onaga. 



"Hist. v6g. foss., Vol. L, p. 303. ^-Syst. Fil. Foas., p. 344, PI. XV, fig. 10. 

ft Tent. Fl. Prim., p. xix. 
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Pecopteris cf. polymorpha Brongn. 

Appears to be inseparable from the form described by Lesquereux 
as Pecopteris ellipfica Bunby. The fragments from Lansing are 
slightly villous. Those communicated by Mr. Crevecoeur seem to 
represent the typical large P. polymorpha. In the specimens sub- 
mitted by Mr. Sellards the sporangia are uncommonly broad for this 
species, though they are too small to identify therewith with certainty. 

Lacoe collection, 13996. Cherokee shales, Lansing. 

IT. S. National Musum (E. H. Sellards), 7725. Le Roy (Lawrence) 
shales. Blue Mounds. 

U. S. National Museum (F. F. Crevecoeur), 8830. Elmdale forma- 
tion, Onaga. 

Pecopfsris sp. Sellards. 

U. S. National Museum (E. H. Sellards), 8103. Marion ? formation, 
Dickinson County. 

Pecopteris pteroides Brongn. 

A small fragment contributed by Mr. Sellards appears to agree with 
the plant as detailed by Brongniart under this name, though it is very 
different from Callipteridium pteridium (Schloth.) Zeill., to which the 
name was intended by Brongniart to apply. The Kansas fragment 
conforms to the P. pteroides as generally identified by Lesquereux in 
our American floras. By the form, size, and attitude of the pinnules 
the specimen closely resembles Callipteridium dblongifolium F. & I. 
C. W. 

U. S. National Museum (E. H. Sellards), 8634. Douglas County. 

Alethopieris sp. 

Resembles AletJiopteris aquilina (Schloth.) Sternb. 
U. S. National Museum (E. H. Sellards), 8138. Cherokee shales, 
Lansing. 

Alethopteris cf . virginiana F. & I. C. W. 

Pinnules smaller and generally a little more oblique than in Alethop- 
teris virginiana, which the Kansas plant strongly resembles. 

U. S. National Museum (E. H. Sellards), 8138. Chanute (Thayer) 
shales, Thayer. 

Alethopteris Grandini (Brongn.) Goepp. 

Includes the specimens previously listed from Garnett and Ottawa 
as Alethopteris pennsylvanica and a specimen in the Lacoe collection 
from Garnett labeled as Alethopteris lonchitica. The plant can not at 
most be more than varietally different from the species described by 
Brongniart. 

Lacoe collection, 12212. Chanute (Thayer) shales, Thayer. 
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Lacoe collection, 12192, 12213-12226. Le Roy (Lawrence) shales, 
Garnett. 

Lacoe collection, 12193-12195, 12201-12211. Le Roy (Lawrence) 
shales, Ottawa. 

U. S. National Museum (E. II, Sellards), 7732, 8134, 8137. Le Roy 
(Lawrence) shales. University Hill, Lawrence. 

U. S National Museum (E. H. SeUards), 8132, 8133, 8136. Le Roy 
(Lawrence) shales, Blue Mounds. 

Callipteridium grandifolium F. & I. C. W. ? 

The fragments here referred to appear to differ only by their some- 
what smaller pinnules from the plant described by Fontaine and I. C. 
White from the Dunkard formation of West Virginia and Pennsyl- 
vania. 

U. S. National Museum (E. 11. Sellards), 8635. Locality unknown. 

CaUipteridiurn SuUivantii (Lx. ) Weiss. 

Lacoe collection, 11758, 11759, 12116. Cherokee shales, Lansing. 
U. S National Museum (E. H. Sellards), 8633?. Cherokee shales, 
Lansing. 

Callipteris conferfxi Sternb. 

U. S. National Museum (E. H. Sellards), 8111. Marion? formation, * 
Dickinson County. 

Callipteris conferta ohliqua (Goepp. ) Weiss. 
E. H. Sellards. Marion? formation, Dickinson County. 

Callipteris conferta vulgaris Weiss. 
E. H. Sellards. Marion? formation, Dickinson County. 

Callipteris n. sp. 

U. S. National Museum (E. H. Sellards), 8097, 8103. Marion? forma- 
tion, Dickinson County. 

Olenopteris splendens Sellards. 

U. S. National Museum (E. H. SeUards), 8077. Marion? formation, 
Dickinson County. 

Glenopterls simplex Sellards. 

U. S. National Museum (E. H. Sellards), 8082. Marion? formation, 
Dickinson Count}". 

Glenopterls lineata Sellards. 

U. S. National Museum (E. H. Sellards), 8084. Marion? formation, 
Dickinson County. 
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Glenopteris Sterlingi Sellards. 

U. S. National Museum (E. H. Sellards), 8079. Marion? formation, 
Dickinson County. 

Glenopteris? Idbata Sellards. 
Marion? formation, Dickinson County. 

Odontopteris osraundceformis (Schloth.) Zeill. 

The name osmundceformis, given by Schlotheim, antedates Schlot- 
Jieimiiy the name given by Brongniart and employed by Lesquereux 
for the specimens in hand. To this species probably belong the frag- 
ments from Osage (Lacoe collection, 11269) identified by Lesquereux 
as Odontopteris Reichiana Brongn. 

Lacoe collection, 10310-10312. Chanute (Thayer) shales, Thayer. 

Lacoe collection, 10313-10315, 11269. Le Roy (Lawrence) shales, 

Osage. 

Odontopteris Reichiana Gutb. 

Identified by Lesquereux. 

Lacoe collection, 11265. Chanute (Thayer) shales, Thayer. 

Odo7itopteris Brardii (Brongn.) Sternb. 

U. S. National Museum (F. F. Crevecoeur), 8832. Elmdale forma- 
tion, Onaga. 

Odontopteris {Lescuropteris) Moorii (Lx.) D. W. 

U. S. National Museum (F. F. Crevecoeur). Elmdale formation, 

Onaga. 

Odontopteris sp. Sellards. 

U. S. National Museum (E. H. Sellards), 8114, 8007. Marion? for' 
ination, Dickinson County. 

Odontopteris papilionacea n. sp. 

The fragment somewhat doubtfully separated as above is character- 
ized by very distant, opposite or subopposite paired pinnules not very 
large, 1-2 cm. long, 5-12 mm. wide, ovate to subcuneate, auriciilate or 
subauriculate, irregularly and obliquely lobate or sublobate, the lobes 
unequal, usually linear or narrow, obtuse, and parted to a variable 
depth, the nerves being decurrent at the origin, fiexed abruptly 
outward, then arching but slightly, while forking usually three 
times in passing at an oblique angle to the border, where they usually 
number about 30 per centimeter. The species seems to be interme- 
diate between O. cornuta L. and O. subcuneata Bunby. , both of which 
species are possibly founded on heteromorphous pinnae belonging to 
the Neuropteris Schenchzeri group. 

Lacoe collection, 2086. Cherokee shales, Lansing. 
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Odontopteris ? sp. 

A very small fragment agreeing in many respects with examples 
identified by Lesquereux as Odontopteris alp ina (Sternb.) Gein., and 
O. Tnonstruosa Lx. It possibly only represents a terminal portion 
with large pinnules belonging to the plant here provisionally listed as 
Neuropteris Desorii Lx. 

U. S. National Museum (E. H. Sellards), 8612. Le Roy (Lawrence) 
shale, Oak Hill Cemetery, Lawrence. 

Neuropteris Desorii Lx.? 

A number of small fragments, from the vicinity of Lawrence, com- 
municated by Mr. Sellards, are close to the species as identified by 
Lesquereux from Pennsylvania, though some of the specimens appear 
to represent a form with large pinnules. The plant described in the 
Coal Flora under the above name is a very interesting type which 
should perhaps be referred to Odontopteris. 

U. S. National Museum (E. H. Sellards), 8611, 8613. Le Roy (Law- 
rence) shale. Oak Hill Cemetery, Lawrence. 

U. S. National Museum (E. H. Sellards), 8632. LeRoy (Lawrence) 
shale. University Hill, Lawrence. 

Neuropteris rarinervis Bunby. 

Lacoe collection, 1872-1875. Cherokee shales, Lansing. 

U. S. National Museum (E. H. Sellards), 8644. Cherokee shales, 

Lansing. 

Neuropteris vernticularis Lx. 

U. S. National Museum (E. H. Sellards), 8643. Cherokee shales, 

Lansing. 

Neuropfsris Lindahli n. sp. 

A species of the Alethopteroid {Neurolethopieris) group, with very 
small, linear, narrowly triangular, often somewhat subfalcate pin- 
nules with cordate, auriculate, usually insequilateral bases and nar- 
rowly obtuse apices. The lamina is rather thick and slighly arched, 
as in N, Elrodi Lx., to which the species is very closely related. The 
median nerve is persistent, the lateral nerves rather coarse, generally 
regular, moderately close, open at the base, and curving to a right 
angle toward the margin while forking once or twice. The species 
resembles the N, Schlehani of Stur also, though lacking the smaller 
basaj pinnules while being more distinctly auriculate. The plant 
was first identified in the Illinois State Geological Museum, in honor 
of whose curator at that timCj Dr. Josua Lindahl, it is named. Later 
it was found in the Lacoe collection, and more recently it has been 
communicated in numerous fine examples by Mr. Sellards. 

Lacoe collection, 11621-11624. Erie (Bethany Falls) limestone, 
Kansas City. 

U. S. National Museum (E. H. Sellards), 8636. Erie (Bethany 
Falls) limestone, Kansas City. 
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Neuropteris ovatct Iloffm. 

Recorded as Neuropteris Loschii Brongn. in the Kansas lists in the 
Coal Flora, p. 880. 

U. S. National Museum (E. H. Sellards), 7741, 8639. Chanute 
(Thayer) shales, Thayer. 

Lacoe collection, 10744-10740. Cherokee shales, Lansing. 

U. S. National Museum (E. H. Sellards), 8638, 18645. Cherokee 
shales, Lansing. 

U. S. National Museum (E. H. Sellards) 7733, 8640. Le Roy (Law- 
rence) shales. University Hill, Lawrence. 

Lacoe collection, 10740. Le Roy (Lawrence) shales, Ottawa? 

Lacoe collection, 10739. Le Roy (Lawrence) shales, Garnett. 

A form with short and broader pinnules, approaching the plant 
from the high Coal Measures in the Appalachian region, provisionally 
referred to Neuropteris auricidata, is found Ln the Severy shale. 

U. S. National Museum (E. II. Sellards), 8641. Severy shale, 
Scranton. 

Neuropteris plicata Sternb. 

The plant generally identified by Lesquereux as this species is per- 
haps a late phase or modification of N. ovata, to which it is most 
closely related. It is also related to the species described below as 
N. hastata. 

U. S. National Museum (E. H. Sellards), 7740. Chanute (Thayer) 
shales, Thayer. 

U. S. National Museum (F. F. Crevecoeur), 8839. Elmdale forma- 
tion, Onaga. 

Neuropteris hastata n. sp. 

The species here named includes several fragments with broad 
striate rachis provided witli closely placed, alternate to opposite, 
insequilateral, more or less distinctly and narrowly triangular pinnules 
very closely comparable to thoee of N Leberti Hr., but generally more 
elongated and acute, and often attenuate at the apex like N, aspera 
Lx. ^ Frequently the proximal angle is prolonged somewhat as in 
N, caiulatu D. W., to which the close, strongly arched nervation also 
is, on the whole, very similar. The distal basal angle is often squar- 
rbse or but slightly oblique. The species is possibly based on the 
heteromorphous pinnae from the lower portion of the fronds of a species 
of the Neuropteris ovata group. The later representatives of the 
latter species need a careful revision and more complete illustration. 

Lacoe collection, 12072-12074 (types). Cherokee shales, Lansing. 

Lacoe collection, 12070. Le Roy (Lawrence) shales, Lawrence. 

Specimens, hardly tyijical, accompanying N. Ldndahll communi- 
cated by Mr. Sellards. 

XJ. S. National Museum, 1837. Erie (Bethany Falls) limestone, Kan- 
sas City. 

Bull. 211—08 7 
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Neuropteris av/nculata Brongn.? 

The specimens here designated are probably quite distinct specifi- 
cally from the European plant of this name, though apparently agree- 
ing with material from the Dunkard formation of West Virginia, thus 
identified by Lesquereux. 

U. S. National Museum (F. F. Crevecoeur), 8829. Elmdale forma- 
tion, Onaga. 

Neuropteris sp. 

Lacoe collection, 12070, 12071. Cherokee shales, Lansing. 

Neuropteris Ctarksoni Lx. 

This species appears to differ but little, save in its greater size, from 
British ex^jnples referred to N. Tnacrophylla Brongn., to which the 
American species is joined by Kidston. 

Lacoe collection, 1777-1781. Cherokee shales, Lansing. 

LT. S. National Museum (F. A. Bollard), 7759. Cherokee shales, 

Lansing. 

Neuropteris Schetichzeri Iloffm. 

Includes Neuropteris hirsuta Lx. and iV. angustifolial^Tongn,, as 
the latter is listed from Osage in the Coal Flora. ^ Also the specimen 
from Lawrence labeled by Professor Lesquereux as Lesleya micro- 
phylla Lx. is probably but a deformed terminal pinnule of the same 
species. 

Lacoe collection, 11G65-11081, 12012-12014. Cherokee shales, Lan- 
sing. 

U. S. National Museum (E. II. Sellards), 8648. Cherokee shales, 
Lansing. 

U. S. National Museum (E. II. Sellards), 8650. Chanute (Thayer) 
shales, Thayer. 

U. S. National Museum (E. II. Sellards), 7720, 7721, 7735, 8646, 
8649. Le Roy (Lawrence) shales, Blue Mounds. 

U. S. National Museum (E. H. Sellards), 7734, 7736, 8647. Le Roy 
(Lawrence) shales. University Hill, Lawrence. 

Lacoe collection, 11567-11569. Le Roy (Lawrence) shales, Law- 
rence. ^ 

Lacoe collection, 11606, 11607. Severy shales, Osage. 

U. S. National Museum (E. H. Sellards), 8651. Americus limestone, 
Emporia. 

The specimens sent by Mr. Crevecoeur to the United States Geolog- 
ical Survey from Onaga represent a large phase of the species with 
extremely large, long, Ungulate, broadly pedicellate, very obtuse, and 
often heteromorphous leaves, nearly destitute of hairs. It is scarcely 
different from the Appalachian Dunkard formation type, which, since 
the hairs are seldom found except in the youngest or terminal pinules, 



a Vol. Ill, p. 881. 
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I have labeled in our collections as the variety nuda. On account 
of its marked difference in proportion from the earlier and normal 
Neurojjteris Scheitchzeri it should, perhaps, be treated as a distinct 
species. 

U. S. National Museum (F. F. Crevecoeur), 8837. Elmdale forma- 
tion, Onaga. 

Neuropteris Roger si Lx. (non Kimball). 

This very rare American species has been identified and trans- 
mitted in typical examples by Mr. Sellards. 

TJ. S. National Museum, 7737, 8142. Le Roy (Lawrence) shales, 
Twin Mounds. 

Neuropteria sj). Sellards. 

A specimen communicated by Mr. Sellards resembles in some 
respects N. cor data Brongn. 

U. S. National Museum, 8107. Marion formation, Dickinson 
County. 

Neuropteris career aria n. sp. 

The types of this species include the specimen from Cannelton, Pa. , 
No. 14831 of the Lacoe collection, described and poorly illustrated in 
the Coal Flora ^ as Odontopterls monstriiosa Lx., and specimens 10785 
from Lansing and 10791 from Mazon Creek, Illinois. The pinnules, 
as shown in the cited figure, are ovate, becoming constricted at the 
attachments along the lower portion of the slender rachis. The distal 
borders are distinctly and coarsely dentate or serrate (not shown in 
the figure), even more clearly so than in Neurojjteris crenulatay with 
which I was for a long time disposed to place the Lansing specimen. 
The nervation originating from a single decurrent strand is distinct, 
not especially coarse, the median nerve quickly vanishing, the ner- 
villes being a little strong, semiflabellate, distant, and passing nearly 
straight while forking usually twice to the border, where each nerville 
enters one of the teeth of the pinnule. The species is by its general 
form, the dentition of its pinnules, and its distant nerves related to 
N creuulata, whose lowest pinnules, so admirably illustrated by 
Zeiller,* it closely resembles, though its slender rachis, dissolving 
median nerves, the straighter and not very coarse nervilles, and the 
broadly ovate form of the upper pinnules clearly separate it from the 
European plant. It is undoubtedly closelj'^ connected with the little- 
known N. Evenii Lx., from which, while apparently quite distinct, it 
may ultimately prove inseparable. 

Lacoe collection, 10785. Cherokee shales, Lansing. 

«Vol. Ill, p. 741, PI. XCVII, flg. 3. 

bY\. foss. bassin houill. Commentry, Pt. 1, Pis. XXVI, XX VII, figs. 1-6. 
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« 

Linopteris ohliqua (Bunby.) Pot. 
Lacoe collection, 113G8. Cherokee shales, Lansing. 

Lesleya f microphylla Lx. 

The type of this species," from Osage, may be but an example of 
the somewhat polymorphous terminal pinnules, so common in the 
later phase of Neuropteris Scheuchzeri Hoffm. Its validity as a rep- 
resentative of the genus Lesleya is, to say 'the least, extremely 
doubtful. 

Lacoe collection, 11744. feevery shales, Osage. 

T(je.ni(ypteris corlcwea Goepp. 

U. S. National Museum (E. II. Sellards), 8002-8094. Marion ? for- 
mation, Dickinson County. 

TcBniopteris coriacea linearis Sellards. 

U. S. National Museum (E. II. Sellards), 8095. Marion ? forma- 
tion, Dickinson County. 

T(Bniopteris Neivberriana F. & I. C. W. 

Identified and transmitted by Mr. Sellards. 

U. S. National Museum (E. II. Sellards), 8087-8091. Marion ? for- 
mation, Dickinson County. 

Aphlehia filiformis (Gutb. ). 

Original of record of Rhacophylluin filiforrne in the Kansas flora. 
Lacoe collection, 19468. Le Roy (Lawrence) shales, Garnett. 

Aphlehia acuminata {Rliacopliylhbia acmninaturn n. sp.) Lx. Mss. 

The types of this, uudescribed species are in the material left by 
Lesquereux unfinished. 

Lacoe collection, 19500-19572, 19574, 19575. Le Roy (Lawrence) 
shales, Garnett. 

Spiropteris sp. 

Probably Pecopteris villosa Brongn.? 

Lacoe collection, 19382. Cherokee shales, Lansing. 

Dauhreeia sp. 

Evidently representing the genus described by Renault and Zeiller 
from the Commentry Basin. The discovery of this rare Old World 
genus adds new evidence regarding the common character of the 
Carboniferous flora in Europe and in America. 

U. S. National Museum (F. F. Crevecoeur), 9003-9605. Elmdale 
formation, Onaga. 

a Coal Flora, Vol. Ill, p. 831. 
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PUnthwtheca angular is Lx. sp. 

This species described by Lesquereux** as Lepidocysfis angvlaris 
consists of a small peltate or pseudopeltate, densely radiately fibrous 
leaf, with greatly thickened, transversely ridged mesophyll, the fur- 
rows of which are occupied by closely grouped sporangia. This plainly 
represents the genus recently described by Zeiller^ as Plinthiotheca, 

In the American species, which is represented by numerous speci- 
mens in the Lacoe collection from the Allegheny formation,^ the rows 
of sporangia completely cover one side of the disk and form a mar- 
ginal fringe, the peripheral sporangia being directed outward. Tlie 
si>orangia of our plant are in fours, and spread out, in the mature 
specimens, in a way very strongly resembling the sori described by 
Stur as Hawlea Corda. In fact, the radiate sporangia, which are 
attached at the basal end only, and which oi)en longitudinally through 
their whole lengtli, whether turgid or collapsed, resemble more closely 
those of the latter genus than Asterothcca, with which l^ofessor 
Zeiller compares his specimens. 

From the form and aspect of the specimens I conclude that the 
sori are on the under side of the leaf, which in most instances they 
completely cover, though in a few cases a marginal zone of the disk 
is left uncovered. This zone is precisely like that sometimes present 
in Doleropterls Gr. 'Ey. The young examples of the plant in hand, by 
their less distinct sporangia and the rows of rounded, puffy, fleshy pro- 
tuberances, so strongly suggest the fertile leaves of the latter genus 
as to lead one to question whether the distinctions be less than generic, 
and whether the Lepidocystis angvlaris Lx. should possibly be 
referred to Doleropteris, or to Androstachys^ its supposed poUinifer- 
ous leaf. The writer hopes to make the specimens in hand the sub- 
ject of a more detailed study, with ample illustrations. 

Lacoe collection, 25271. Cherokee shales, Lansing. 

Calamites rainosius Artis. 

Includes specimens described by Lesquereux in Coal Flora, Vol. Ill, 
p. 702, pi. xcii, figs. 1, 2, 3, 4. Some of the fragments placed by Les- 
quereux in this species should probably be put in Calamites Suckowii, 

Lacoe collection, 1 738G-1 7389 (figured), and 17405, 1 7400. Apparently 
from the Le Roy (Lawrence) shales, and probably from Lawrence. 

Lacoe collection, 1 7407. Severy shales, Osage. 

Calaniifes Sueltowii Brongn. 

Lacoe collection, 17250-17258, 17260-17272. Le Roy (Lawrence) 
shales, Lawren(*e. 



«Coal Flora, Vol. II, p. 4«i, PI. LXIX, fig. 17. 

^M^m. Soc. geol. Franco, Pal., No. 21, p. 54, PI. IV, figs. 18, 18A. 

f The Btatement accompanying the description, Coal Flora, p. 457, that some of the tjrpes are 
from the " interconglomerato " [Pottsville] of Campbells Ledge, is erroneous, they having been 
c()lle<*ted from the lower group of the succeeding anthracite series at Port Griffith, in the 
Northern Anthi*acite field. 
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Calamites Cistii Brongn. 
Lacoe collection, 17351-17352. Le Roy (Lawrence) shales, Lawrence. 

Calamites cannceform/Ls Schloth. 
Lacoe collection, 17373. Le Roy (Lawrence) shales, Lawrence. 

Calaniodsndron cruciatuin (Sternb.) Zeill.? 
Lacoe collection, 17357. Le Roy (Lawrence) shales, Lawrence. 

Aster oiihylUf'es eqiiiseUfonnis (Scliloth.) Brongn.. 

The Blue Mounds examples are robust; the Onaga, dense. 

Lacoe collection, 17677. Cherokee shales, Lansing. 

IT. S. National Museum (E. IL Sellards), 865(3, 8057. Cherokee shales, 
Lansing. 

U. S. National Museum (E. IF. Sellards), 7728. Le Roy (Lawrence) 
shales. Blue Mounds. 

IT. S. National Museum (F. F. Crevecoeur), 8845. Elmdale forma- 
tion, Onaga. 

Aster opliyllites sp. 

U. S. National Museum (E. H. Sellards), 8658. Unknown. 

Annularia stellata (Schloth. ) Wood. 

Lacoe collection, 17913. Cherokee shales, Lansing. 

TJ. S. National Museum (E. IL Sellards), 8659. Cherokee shales, 
Lansing. 

Lacoe collection, 17907. Chanute (Thayer) shales, Thayer. 

U. S. National Museum (E. II. Sellards), 8661. Chanute (Thayer) 
shales, Thayer. 

U. S. National Museum (E. IL Sellards), 7731. Le Roy (Lawrence) 
shales. Twin Mounds. 

U. S. National Museum (F. F. Crevecoeur), 8844. Elmdale forma- 
tion, Onaga. 

Annularia sphenoiihylloides (Zenk.) Gutb. 

Lacoe collection, 17992-17993, 17953. Cherokee shales, Lansing. 

Annularia sphenophylloide^ intermedia Lx. 

A type with elongated leaves, intermediate to A. steUata, was desig- 
nated by Lesquereux as the var. intermedia of A. sphenophylloides. 
It is in general characteristic of the higher Coal Measures. 

Lacoe collection, 17950, 17952. Le Roy (Lawrence) shales, Lawrence. 

U. S. National Museum (E. H. Sellards), 7726. Le Roy (Lawrence) 
shales. Blue Mounds. 
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Bruckinannia tuhercidata Sternb.? 

A fragment of an axis with portions of bracts probably belonging to 
Annularia steUata, though it is possibly referable to A, sphenophyl- 
loides, 

Lacoe collection, 183')8. Le Roy (Lawrence) shales, Ottawa.- 

Calainosfachys hrevi folia Lx.? 
Lacoe collection, 18359. Cherokee shales, Lansing. 

Sphenophyllum emarginatimi minor D. W.^ 

Besides the normal form of Sphenopliylluin emarginatum the col- 
lections from the lower horizons contain a few fragments of the nar- 
rower and somewhat more acutely dentate form, which, in treating 
the flora of the Lower Coal Measures of Missouri, I liave referred to as 
S, cuneifolium. This form, which, as I have since pointed out, is dif- 
ferent from the typical Old World S. cuneifolium, characteristic of 
the Pottsville and Lower Kanawha formations in this country, appears 
on further examination and comparisons to be in reality connected 
with S. emarginatum rather than with S. cuneifolium. I therefore 
propose for this form, which represents an earlier phase of S, emargi- 
natum, the varietal term given above. Where the leaves are much 
dissected or they are narrow with margins incurved and buried in the 
matrix it is often difficult of distinction from the normal form of 
the species and from S, cuneifolium, 

Lacoe collection, 18509. Cherokee shales, Lansing. 

U. S. National Museum (E. II. Sellards), 8r)65. Cherokee shales, 
Lansing. 

Sphenophyllum emarginaturn Brongn. 



'&" 



TJ. S. National Museum (E. II. Sellards), 8660. Localit}^ unknown. 

Sphenophyllum ohlongifolium (Germ.) Ung. 

Besides the type identified by Lesquereux under this name in the 
Kansas material, a small form btrongly suggestive of the closely 
related Sphenophyllum filiculme Lx. is also present. 

Lacoe collection, 18669, 18708. Chanute (Thayer) shales, Thatyer. 

U. S. National Museum (E. II. Sellards), 8663. Chanute (Thayer) 
shales, Thayer. 

Lacoe collection, 18521, 18522. Le Roj'' (Lawrence) shales, Law- 
rence. 

U. S. National Museum (E. II. Sellards), 8662. Le Roy (Lawrence) 
shales. Twin Mounds. 



a Sphenophyllum cuneifolium (Stenib.) Zeill., D.White, Moii. IT. S.Qeol. Survey Vol. XXXVII, 
18W, p. 174, excluding syn. 
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SphenophyUum verticillatwn (Schloth.) Zeill. 

This very rare species seems to be represented in the Lacoe collec- 
tion by a single specimen, No. 18C10, labeled as SphenophyUum 
Schlotheimii Brongn.^ This, with several fragments from Blue 
Mounds communicated by Mr. Sellards, represents a crenulate, deli- 
cate type of leaf, with well-rounded angles, agreeing fairly well with 
Schlotheim's Pahnacites verticillatus, though they are slightly more 
robust and a little broader. In the form of the leaf the specimens in 
hand approach the papilionate group represented bj^ S. latifoliuvi F. 
& I. C. W., S. latifolium R. & Z., >S. papilionaceum Gr. 'Ey., and 8, 
Thoni Mahr. 

The Kansas plant differs slightly from that illustrated as Spheno- 
phyUum ScMothewiii by Lesquereux in the Coal Flora.* 

Lacoe collection, 18010. Le Roy (Lawrence) shales, Ottawa. 

U. S. National Museum (E. IF. Sellards), 80(37. Le Roy (Lawrence) 
shales. Blue Mounds. 

SphenophyUum sp. Sellards. 

A member of the papilionate group. 

U. S. National Museum (E. H. Sellards), 8121. Marion? formation, 
Dickinson County. 

Radicites capUlaceus (L. & II.) Pot. 

U. S. National Museum (F. F. Crevecoeur), 8843. Elmdale forma- 
tion, Onaga. 

Knorria compacfri Lx. 

The types from Kansas on which this species was founded, Coal 
Flora, Vol. Ill, p. 839, are sigillarioid in aspect. The species needs 
a thorough examination. 

Lacoe collection, 15800-15803. Chanute (Thayer) shales, Thayer. 

Boihrodendron ? ii. sp. 

A small, somewhat macerated, minutely rugose cortical fragment 
having numerous distant scars which are similar in form to those of 
Boihrodendron minuti folium, but a little larger, concave on the lower 
lateral margins and distinctly marked by a deep rounded apical sinus. 
Nerve trace small, central, transverse; cicatricules vertical, distant 
along the transverse diameter half waj^ to the lateral angles. With 
Alethopteris OrandinL 

Lacoe collection, 12208. Le Roy (Lawrence) shales, Lawrence. 



a The specific name given hy S<-.hlotheini lias priority over that applied by Brongniart to the 
same plant. 
<» Atlas, p. 2, PI. II, fig. 6. 
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Lepidostrohus culiriformis Lx. 

With Lepidophyllum cadtriforine Lx. 

Lacoe collection, 16092-1G097. Cherokee shales, Lansing. 

U. S. National Museum (E. 11. Sellards), 8608. Cherokee shales, 

Lansing. 

Sigillaria carnptotcenia Wood. 

A good specimen of this species, labeled as above, has been sent to 
the National Museum by Mr. Sellards. It shoyld be noted here, how- 
ever, that the examples from Lawrence, described by Lesquereux 
under this name as accompanied by SigiUariostrohus Laurencianus, 
the two species being regarded as in union as stem and cone, can not 
be referable to S, carnptotcenia. As seen in the original and other 
specimens from the same locality, the stem fragments (Lacoe collec- 
tion, 16641, 16642) are coarsely lineate longitudinally, not meshed. 
The impressions, which seem to be subepidermal, possibly represent 
a partially decorticuted phase of the plant described below as SigiHa- 
via suspecta^ or that designated as ^'Sigillaria Brardii, a fine variety," 
by Lesquereux. To Sigillaria camptotcznia belong specimens 18231 
and 18233 of the Lacoe collection, labeled by him as Stigmariaficoides 
var. stellata Goepp. 

Lacoe collection, 18231, 18232. Chanute (Thayer) shales, Thayer. 

tJ. S. National Museum (E. IT. Sellards), 8670. Le Roy (Lawrence) 
shales. Blue Mounds. 

Sigillaria Brardii Brongn 

U. S. National Museum (E. II. Sellards), 8686. Le Ro}^ (Lawrence) 

shales, Lawrence. 

U. S. National Museum (E. II. Sellards), 8674. Sevi^y shales, 

Scranton. 

Sigillaria Brardii coriacea n. var. 

The specimens which are here varietally reported are marked by 
the very large size of the leaf scars, which are laterally distinctly 
acuminate, and distant from one another in the same spiral a little 
more than their vertical diameter, the intervening surface of the but 
slightly protuberant cushion being coarsel}^ granular-shagreened. 
On account of the latter feature specimens of this form were labeled 
by Lesquereux as S. reticulata Lx. The variety coriacea may possi- 
bly prove inseparable from the type of cortex identified by the same 
author as Sigillaria venulo.sa Brongn. The latter, or its supposed 
representatives in this countrj^, seem in turn hardly to differ specific- 
ally from the S. ohliqua as recognized by Lesquereux in material from 
the Appalachian region. The latter specimens are undoubtedly refer- 
able to the S, Brardii group. 

Lacoe collection, 16604-16609. Le Roy (Lawrence) shales, Law- 
rence. 

U. S. National Museum (E. II. Sellards), 8672, 8(>73. Le Roy (Law- 
rence) shales, Blue Mounds. 
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Sigillaria stispecta n. sp. 

Bothrodendroid cortex having small rhomboidal scars, 2 to 3 mm. 
in diameter, usually 1 cm. or more apart, nearly 1^ times as broad as 
long, exactly rounded below, a little less than rectangular laterally, 
arched strongly upward with a very shallow and rather narrow apical 
sinus. The nerve scar is small, round, and but very little above the 
center of the scar, the lateral cicatric^ules being very oblique, very 
narrow, nearly straight and elongated below the median line of the 
scar. The interfoliar epidermis is transversely shagreened almost as 
in Bothrodenclron minidifolium. In the partiall}^ decorticated condi- 
tion the stems are rather coarsely and distantly but irregular^ longi- 
tudinally lineate. 

Lacoe collection, 1G650, 19732 (typos). Probably from the Le Roy 
(Lawrence) shales, of Lawrence. 

Sigillaria Laurenriana n. sp. Lx. Mss. 

Lacoe collection, 10570, 10571 (types). Le Roy (Lawi*ence) shales, 
Lawrence. 

Sigillaria rectistriafa n. sp. Lx. Mss. 

Lacoe collection, 10570, 10577 (types). Chanute (Thayer) shales, 
Thayer. 

Sigillariostrohus quadrangular is Lx. sp. 

In structure the cones described by Lesquereux^' as Lepidocystis 
quadrangular is seem to correspond to the strobili of the Sigillaria^,, 
Lacoe collection, 25280. Le Roy (Lawrence) shales, Lawrence. 

Sigillariostrohus clavatus Lx. sp. {Sigillariostrohus Laurenciamis 

Lx.) 

This interesting species is represented by several fine examples 
from Kansas, including the types of Sigillariostrohus Laurendanus 
Lx. in the Lacoe collection. After a careful examination of the latter 
I am unable to discern any conclusive evidence that this strobllus* is 
in union with the specimens identified by Lesquereux as SigiUaria 
monostigma, as was assumed by the author in the original description 
of Sigillariostrohus Laurendanus. The fragments of stem impres- 
sion, which can hardlj^ be Sigillaria camj^totcBuia, appear to be merely 
superimposed on a portion of a cone. Sigillariostrohus Laurendanus 
was correlated by Lesquereux ^ with TrochopJiyllum clavatum Lx., the 
specific term of which has priority. Sigillariostrohus clavatus differs 
from the closely related S. Lacoei {Lycopodites LacoeiJjX.) by its 
more slender axis and much larger acuminate bracts, with a longer, 



aCo&l Flora, Vol. II, p. 455. b Idem, Vol. Ill, p. 793. cJbid., p. 794. 



WHITE.] FOSSIL PLANTS. 107 

more open sporangiferous portion. The types of the species are 
included in — 

Lacoe collection, 10640-16648. Le Roy (Lawrence) shales, Lawrence. 

U. S. National Museum (E. H. Sellards), 8676. Le Roy (Lawrence) 
shales, Blue Mounds. 

Doleropteris pennsylvanica Dn. sp. 

The American specimens described by Dawson ^ as DolerophyUum 
pennsylvaiiicum agree in all essential characters with the supposed 
polleniferons leaves described or figured by Renault* and Saporta^ as 
DolerophyUum and by Grand 'Eury ^^ as Doleropteris and Androstachys. 
In several of our examples the "polleniferons" area is bordered by a 
thick radially fibrous zone much broader than in the example figured 
by Saporta and Renault. In the Kansas specimens we have the disk 
completely covered by the polleniferons capsules, which as pointed out 
by Dawson are apparently a little larger than in the European species, 
though in other superficial details the agreement with the Andros- 
tachys cehennensis of Grand 'Eury is equally close. Unfortunately the 
specimens at hand are not so preserved as to show the internal struc- 
ture, but the impressions in the soft ferruginous sandstone have 
the somewhat obscure appearance of rows of squarrose groups of 
four. The aspect of these specimens strongly suggests very deeply 
immersed sori, possibly comparable to a certain extent with those of 
Plinthiotheca Zeiller, rather than the irregular, elongated, closed 
chambers shown in the sections so admirably prepared by Professor 
Renault. In its general superficial aspect the Plinthiotheca anatolica 
of Zeiller appears to be intermediate between P. angularis and 
Androstachys. I have, however, no doubt as to the generic iden- 
tity of the species described by Dawson as DolerophyUum pennsyl- 
vaniciim and the fertile material figured by Renault and Saporta as 
belonging to that genus. If the supposed polleniferons leaves are 
actually generically identical with the striate leaves described by the 
same authors under the same name, they should be designated as 
Doleropteris, the name which, though possibly inappropriate, was 
earlier applied ^ to the genus. On the other hand, if the generic iden- 
tity of the sterile leaves and the supposed polleniferons leaves is not 
established, the specimens in hand should be referred to the genus 
Androstachys, which was proposed by Grand 'Eury especially for 
these fertile leaves. It may be interesting to note in this connection 
that the types of Doleropteris pennsylvanica in the Lacoe collection 
have the manuscript name Dolerophyllocarpum written in Sir Wil- 
liam Dawson's hand on the labels. 



nCan. Rec. Sci., Vol. IV, No. 1, 1890, p. 7. 

ftFl. foss. bassin houill. perm. Autun et Epinac, Vol. II, p. 262, PI. LXXII, fig. 13. 

^Evol. rdg. v6g , Phan6rog., Vol. 1, 1885, p. 75, f. 35. 

rfG6ol. Paleont. bassin houill. Gard, 1890, p. 306, PI. VIII, figs. 2A, 2A'. 

e Grand 'Eury, Fl. Carb. Loire, 1877, p. 194. 



108 UPPER CARBONIFEROUS OF KANSAS. [bull.211 

The genus Dolerophyllum was included by Saporta among the tran- 
sitional types grouped by him in the Progymnosperms. Professor 
Renault correlates, as the seed of the genus, a fruit which in certain 
features resembles a large specimen of Rhabdocarpus mamiUahis. 
Whether the plants in hand should be definitely referred to the gymno- 
sperms is perhaps still a little doubtful. Inclining to the belief enter- 
tained by Dawson and others that these specimens may represent 
fertile cyclopterid pinnules, some of whose striate fronds may still 
be known as Neuropteris, I am disposed to include them in the group 
Cycadofilices established by Potonie. 

Lacoe collection, 19620. Le Roy (Lawrence) shales, Lawrence. 

Lacoe collection, 10G21. Le Roy (Lawrence) shales, Lawrence. 

Cordaifes communis Lx. 

Specimens under this name transmitted by Mr. Sellards. 
IT. S. National Museum, 8G77. Le Roy (Lawrence) shales. Blue 
Mounds. 

Cordaiies squam^miferms Lx. n. sp. MSS. 

The description of this species will be included in a posthumous 
work covering a large amount of other material described or studied 
by Lesquereux. 

Lacoe collection, 26421 (type). Severy shales, Osage. 

Cordaiies iUinoisensis Dn. 
Described by Penhallow from Chase County. 

Dadoxylon Prosseri Penh. 

Types from Cottonwood Township, Chase Countj^ 

Pityoxylon Chasense Penh. 

Coon Creek, Chase County. 

Cordaianilius ovafus Lx. 

Lacoe collection, 11)207. Cherokee shales, Lansing. 

Cordaicarpon cinctum, Lx. 

Lacoe collection, 25351. Cherokee shales, Lansing. 

Cardiocarpon kaiisasiense Lx. n. sp. MSS. 

Lacoe collection, 26421 (type). Severy shales, Osage. 

Cardiocarpon ellipiicwni (Sternb.) Lx. 

Lacoe collection, 25018. Sever}^ shales, Osage. 
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Cardiocarpon Branneri Fairch. and D. W. 

A single somewhat obscure specimen identified and transmitted by 
Mr. Sellards. 

IT. S. National Museum, 8680. Erie (Bethany Falls) limestone, 
Kansas City. 

Cardiocarpon sp. cf. Cuyahogce D. W. 

U. S. National Museum (E. II. Sellards), 8678, 8681. Locality 
unknown. 

Rhahdocarpos mainillatus Lx. 

Lacoe collection, 26793. Cherokee shales, Lansing. 

Rhahdocarpos Beinertianus Goepp. and Berg. 

U. S. National Museum (E. H. Sellards), 8682. Locality unknown. 

Rhahdocarpos sidcatus (Presl) Kidst. 

Lacoe collection, 26535. Le Roy (Lawrence) shales (?), Lawrence (?). 

Rhahdocarpos coronatus Lx. n. sp. MSS. 

Lacoe collection, 26568 (types). Le Roy (Lawrence) sliales, Ottawa. 

Rliahdocarpos amygdalceformis Goepp. and Berg. 

It is doubtful whether the specimens from Osage labeled and 
recorded by Lesquereux as above are identical with the seed described 
under that name by Goeppert and Berger. 

Lacoe collection, 26633, 26640. Severy shales, Osage. 

Rhahdocarpos Jacksoniamts Lx. 

U. S. National Museum (E. II. Sellards, 8683). Locality unknown. 

Trigonocarpiim Starkianum Lx. 

Lacoe collection, 26916. Le Roy (Lawrence) shales, Lawrence. 
Lacoe collection, 26904?. Le Roy (Lawrence) shales, Ottawa. 
Lacoe collection, 26011-26915. Severy shales, Osage. 
XJ. S. National Museum (E. H. Sellards), 8679. Locality unknown. 

Trigonocarpurti kansaseaivjbm Lx. 

Type, Coal Flora, Vol. Ill, p. 822. 

Lacoe collection, 26999-27004. Severy shales, Osage. 

Trigonocarpiim Adanisii Lx.? 

Lacoe collection, 26749-26750. Erie (Bethany Falls) limestone, 
Kansas City. 
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Trigonocarpnm HUdreti Lx. 

Identified by Lesquereux and labeled "Kansas." 
Lacoe collection, 26641. Locality unknown. 

Carpolithes granularis Sternb. 

The original of fig. 20, PI. CXI, of the Coal Flora, from Osage, 
described by Lesquereux under the above name, appears to be spe- 
cifically indistinguishable from the specimens from the same place 
identified by him as Cardiocarpon eUipticum. 

Lacoe collection, 25757. Severy shales, Osage. 



AGE OF TIIK BEDS FROM WHICH THE rLA.]ST:'S WERE 

COLLECTED. 

It is not within the scope of this summary to enter upon a discus- 
sion of the horizontal or vertical distribution of the individual spe- 
cies comprising the floras as yet made known from Kansas. Such 
data, comprising the correlative evidence in detail, are of necessity 
omitted from this paper. In the following i)ages but little more than 
the broader or tentative conclusions as to correlations will be stated; 
and since also very little information is available as to the floras 
above the stage of the Cherokee sliales in the western interior 
regions, comparisons must be confined for the most part to the paleo- 
botanically much better-known section of the Appalachian trough.® 

CHEROKEE FLORA AT THE PENITENTIARY SHAFT, LANSING. 



Excipulites Callipteridis (Schiinp.) 

Kidst. 
Eremopteris solida (Lx.)^ D. W. 
Pseudopecopteris squamosa (Lx.) D. W. 
Pseudopecopteris Pluckenetii (Schloth. ) 

Lx. 
Sphenopteris denticulata Brongn. 
Sphenopteris sp. 
Pecopteris unita Goepp. 
Pecopteris squamosa Lx. 
Pecopteris vestita Lx. 
Pecopteris villosa Brongn. ? 
Pecopteris cf . polymorpha Brongn. V 
Alethopteris sp. 

Callipteridium Sullivantii (Lx.) Weiss. 
Odbntopteris papilionacea D. W. 
Neuropteris rarinervis Bunby. 
Neuropteris vermicularis Lx. 
Neuropteris ovataHoffm. 
Neuropteris hastata D. W. 



Neuropteris sp. 
Neuropteris Clarksoni Lx. 
Neuropteris Scheuchzeri Hoffm. 
Neuropteris carceraria D. W. 
Linopteris obliqua (Bunby.) Pot. 
Spiropteris sp. 

Plinthiotheca angularis (Lx.) D. W. 
Asterophyllites equisetif orir 

(Schloth.) Brongn. 
Annularia stellata (Schloth.) Wood 
Annularia sphenophylloides (Zej 

Gutb. 
Calamostachys brevifolia Lx. ? 
Sphenophyllum emarginatum Brc 

var. minor D. W. 
Lepidostrobus cultriformis Lx. 
Cordaianthus ovatus Lx. 
Cordaicarpon cine turn Lx. 
Rhabdocarpos mamillatus Lx. 



«It is hoi)ed that all the Kansas material, together with more extensive data, ma^ I 
in full, with the object of attaining more exact results, in the comprehensive repo: 
jnreparation by the State university survey at the hands of Mr. Sellards. 
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From the composition of this flora, the lowest yet at hand from 
Kansas, it appears that the horizon of the Lansing plants falls within 
the Allegheny formation of the Appalachian basin, of which the 
greater number of the fern species are more or less distinctly charac- 
teristic. So far as the vertical range of the plants has yet been 
ascertained in other basins, it would appear that the presence of 
Eremopteris solida^ Pseudopecopferis squamosa, Pecopteris squamosa, 
CaUipteridium, SuUivantii, Neuropteris verm^icularis, N. carceraria, 
Plinthiofheca angularis, and the variety of Sphenophyllum, emargina- 
turn, would indicate a close relationship with the Cherokee flora of 
Henry County, Mo., the Mazon Creek stage of the Illinois Coal Meas- 
ures, the Cannelton stage of the Pennsylvania bituminous coal fields, 
or coals C and D of the northern anthracite region. The occurrence 
of Pseudopecopteris Pliickenetii, common at Cannelton, the large 
pinuled Pecopteris, Neuropteris Clarksoni, and Linopteris ohliqua 
argue against a lower stage than the Kittanning group in the Alle- 
gheny formation, while the presence of Eremopteris solida, Pseudo- 
pecopteris squamosa, Pecopteris squamosa, Neuropteris vermicularis, 
and the small-leafed SphenophyUum point less strongly to a date not 
later than, and probably a little earlier than the Freeport group. 
There can be little doubt that the Lansing coal was deposited within 
Allegheny time, its horizon falling probably in or near the Kittanning 
group. 

A more extended search at additional localities would no doubt 
show a verj' intimate relation between the flora in hand and that of 
the Cherokee of Missouri, the lower portion of which furnished the 
greater part of the material described in the flora of the Lower Coal 
Measures of Missouri.^ 

The Lansing horizon is certainly not lower than and probably not 
so low as the "lower coal-bearing division"* of the Arkansas Coal 
Measures, though unfortunately the fossil plants in the Arkansas and 
Indian Territory coal fields have not yet been collected sufficiently to 
make correlations with a high degree of assurance possible. The flora 
seems to correspond to that of the Middle Coal Measures of Great 
Britain, and to the uppermost portion of the latter or to the transi- 
tion series above the Westphalian of the continent of Europe. 

aMon. U. S. Geol. Survey, Vol. XXXVII, 1899. To the species enumerated in this work are to 
be added the following from Coon Creek, Owen\s and Pitcher's mines in the vicinity of Clinton, 
Henry County, recently communicated by Dr. J. H. Britts: Rosellinites Beyschlagii Pot., Mari- 
opteris muricata (Schloth.) Zeill., Sphenopteria • Dubuissonis Brongn.?, Desmopteris elongaia 
(Presl) Stur, Neuropteris vermicularis Lx., N. ovata Hoflfm., X. capitata Lx., and N. Desorii Lx. 

The genus Desmopteris, here first reported from this continent, is represented in the Lacoe 
collection, U. S. National Museum, by several specimens from the Coal MeaStires of the Appala- 
chian region. 

&The flora of this division corresponds somewhat closely to that of the roof of the Grady 
(Hartshome) coal, described from the Mc Alester-Lehigh c;oal field. Nineteenth Ann. Rept. U. S. 
Oeol. Survey, Pt. in, p. 457. 
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ERIE (BETHANY FALLS) FLORA AT KANSAS CITY. 

Neuropteris Lindahli D. W. Cardiocarpon Branneri Fairch. & D. W- 

Neuropteris hastata D. W. Trigonocarpum Adamsii Lx.? 

The material from this impoi*taut stage is too meager to form a basis 
for a satisfactory^ comparison. The matrix, a buff-colored, thiii- 
bedded calcareous shale, is well filled with plant remains, and the 
locality and horizon, which are somewhat critical from the correlative 
standpoint, deserves a thorough paleobotanical Exploration. 

CHANUTE (THAYER) FLORA AT THAYER. 

Pseiidopecopteris Pluckenetii (S(;hloth. ) Neuropteris ovata Hoffm. 

Lx. Neuropteris plicata Stemb. 

Mariopteris cordato-ovata ( Weiss) D.W. Neuropteris Scheuchzeri Hoffm. 

Sphenopteris pinnatifida (Lx.) D. W. Annularia stellata (Schloth.) Wood. 

Aloiopteris Winslovii D. W. Sphenophyllum oblongifolium (Germ.) 
Alethopteris cf . virginiana F. & I. C. W. Ung. 

Alethopteris Grandini ( Brongn. ) Goepp. Knorria compacta Lx. 

Odontopteris osmundaef ormis ( Schloth. ) Sigillaria camptotsenia Wood . 

Zeill. Sigillaria rectostriata Lx. 
Odontopteris Reichiana Gutb. 

The small amount of collecting, from a single locality onlj^ hei'e 
represented is not sufficient for more than a mere indication as to the 
probable stage of the plants. The Chanute flora does not, however, 
seem to be of an earlier date than the Freeport, the uppermost division 
of the Allegheny formation ; for while it retains several species, such 
as PseudopecoiJteris Pluckeiiefii, Sphenopteris pinnatifida, Aloiopteris 
Winslovii, a small form of Neuropteris plicata and Sigillaria campto- 
taenia, which are more common in the Allegheny, it is characterized 
by the introduction of a number of later types. Such are Mariopteris 
cordato-ovata, Alethopteris cf. virginiana, A, Grandini, Odontop- 
teris osmundcef ormis, O. Reichiana, find Sphenophyllum oblong if oliuniy 
all of which are more or less distinctly indicative of a higher level. 
I have, therefore, little hesitation in concluding that the plant horizon 
of the Chanute shales maj^ be somewhat younger than the Allegheny. 
How much younger it may be it is impossible to conclude from the 
intrinsic evidence of the plants, especially since we have no complete 
standard paleobotanical sections in this country for comparison; but 
from the apparent age of the Le Roy shales, which, according to Mr. 
Adams's general section, are about 250 feet above the Chanute, it seems 
not improbable that the Chanute may lie somewhere within the inter- 
val represented by the Conemaugh formation of the Allegheny region, 
and possibly in the lower portion of that formation. Its stage should 
be above the Hartshorn e sandstone, and the McAlester coal in Indian 
Territory, and it is probably higher than the entire group of the 
McAlester shales. As compared with the Old World series, the hori- 
zon of the Chanute is probably in the Upper Coal Measures of Great 
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Britain, and in the lower portion of the Saarbrtickian (Stephanian) of 
continental Europe. 

The material from Thayer is notable for the absence Of PecopteriSj 
Si, genus of good time markers which should be found in the much- 
needed collections from this important horizon. 

LE ROY (LAWRENCE) FLOBA.« 



Psendopecopteris Pluckenetii (Schloth. ) 

Lx. 
Mariopteriscordato-ovata (Weiss) D.W. 
Sphenopteris pinnatifida (Lx.) D. W. 
Oligocarpia Gutbieri Goepp. 
Oligocarpia n. sp. Sell. 
Aloiopteris Winslovii D. W. 
Pecopteris cf. Integra (Andra) Zeill. 
Pecopteris arborescens (Schloth. ) 

Brongn. 
Pecopteris cf . hemiteliodies Brongn. 
Pecopteris Candolliana Brongn. 
Pecopteris cf . polymorpha Brongn. 
Alethopteris Grandini (Brongn) Goepp. 
Odontopteris ? sp. 
Neuropteris Desorii Lx. ? 
Neuropteris ovata Hoflfm. 
Neuropteris hastata D. W. 
Neuropteris Scheuchzeri Hoffm. 
Neuropteris Rogersi Lx. 
Aphlebia filif ormis (Gutb.) D.W. 
Aphlebia acuminata Lx. 
Calamites ramosus Artis. 
Calamites Suckowii Brongn. 
Calamites Cistii Brongn. 
Calamites cannsBformis Schloth. 
Calamodendron cruciatum (Sterb.) 

Zeill. 



Asterophyllites e qui setif ormis 

(Schloth.) Brongn. 
Annularia stellata (Schloth.) Wood. 
Annularia sphenophylloides (Zenk.) 

Gutb. var. intermedia Lx. 
Bruckmannia tnberculata Stemb. 
Sphenophyllum oblongifolium (Germ.) 

Ung. 
Sphenophyllum verticillatum (Schloth. ) 

Zeill. 
Bothrodendron ? n. sp. 
Sigillaria camptotsBnia Wood. 
Sigillaria Brardii Brongn. var. coriacea 

D.W. 
Sigillaria suspecta D. W. 
Sigillaria Laurenciana Lx. 
Sigillariostrobus quadrangularis (Lx.) 

D. W.? 
Sigillariostrobus clavatus (Lx.) D. W. 
Doleropteris i)ennsylvanica (Dn.) D. W. 
Cordaites communis Lx. 
Rhabdocarpos coronatus Lx. 
Rhabdocarpos sulcatus (Presl) Kidst. 
Rhabdocarpos multistriatus (Presl) Lx. 
Trigonocarpum Starkianum Lx. 



As will be seen by reference to the foregoing list, nearly one-half of 
the species collected from the Le Roy Hora belong to the filices. The 
Lcpidophytes appear to be represented only by the SigiUarice, though 
it is not improbable that Lepidodendron may be found at some locali- 
ties. Of the species reported Sphenopteris pinnatifida, Aloiopteris 
Winslovii, the. fern doubtfully referred to Neuropteris Desorii, N. 
Rogersi, Sigillaria camptotobnia, Sigillariostrobus quadrangularis {?), 
and Rhabdocarpos multistriatus are, in general, more at home, so far as 
my observations as to the distribution of the species have extended, in 
the Allegheny series of the eastern basin s. The Sigillaria and Aloiopte- 
ris and Neuropteris species just cited are, however, the only ones 
that are generally considered as to any considerable degree character- 
istic of the Alleghenj'^, though I have not elsewhere seen a narrow 

©The localities in the Le Roy are: Lawrence, Blue Mounds, Twin Mounds, Ottawa, and Gar- 
nett.' Most of the species are from Lawrence. 

Bull. 211—03 8 
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pinnuled Neuropteris Scheuchzeri at so higli a level as to be found in 
association with the later forms in the Le Roy flora. Such later Le 
Roy forms are Mariopteris cordato-ovata, Pecopteris cf. Integra?^ P. 
arborescens, P. cf . hemitelioides, P, Candolliaiia, P. cf . polymorpha, 
Alethopteris Orandini^ Annularia sphenopJiylloides var. iiitermedia, 
SphenophyUum ohhngifolmm, S. verticillatum and TrigonocaTjyunt 
Starkianum. The presence of typical forms of Pecopteris arboresceiis, 
P. hemitelioides, Alethopteris Graiidini, SphenophyUum oblong i folium 
and S. verticillatum is strongly indicative of a post- Allegheny age for 
the flora. On the other hand the plants are clearly older than the 
Dunkavd formation. 

For Avant of a siratigraphic study of the plants of the liigher Coal 
Measures of the interior basins, or of the Coiiemaugh and Mononga- 
hela formations in the Appalachian trough, but little knowledge of 
the distinctive paleobotanical features of these fonnations is avail- 
able. Without such information, which should essentially constitute 
a paleobotanical section for comparison, it is impossible to arrive with 
definiteness at any conclusion regarding the age of a flora coming 
from these parts of our Coal Measures except it be very large or 
marked by special types. As yet but a small amount of material has 
been collected or studied from the roof of the Pittsburg coal, which 
forms the bottom bed of the Monongahela formation. From such 
material as I have examined from this horizon I am disposed to regard 
its stage as more strongly marked by the large Pecopterids, including 
Callipteridioid forms, by the broad Alethopterids and the dilated 
Neuropterids. The presence of Alethopteris Gfrandini, AnnviLaria 
sphenophylloides var. intermedia, and more particularly the Spheno- 
phyUum oblongifolium, which is very closely related to S. filiculmey 
seems to point toward a level possibly as high as the Pittsburg coal in 
the . Monongahela formation. But the presence of the forms, which, 
so far as known, appear to indicate a lower stage, makes it seem 
improbable that the Lawrence plants are of quite so late a date as the 
Monongahela formation of the Appalachian trough. Subsequent col- 
lecting, either in Kansas or from the Conemaugh and Monongahela 
formations in the Appalachian trough, may seriouslj'^ modify this 
tentative conclusion. The flora of the Le Roy indicates a date within 
the Stephanian (Saarbrtickian) of the European Carboniferous. 

SEVERY FLORA AT OSAGE AND SCRANTON. ' 

Caulerpites n. sp. Lx. Cordaites squammifenis Lx. 
Odontopterisosmundaeformis (Schloth.) Cariiocarpon kansasiense Lx. 

Zeill. Cardiocarpon ellipticum (Stemb.) Lx. 

Neuropteris ovata Hoffm. Rhadbocarpos amygdalaefonnis Goepp. 
Neuropteris Scheuchzeri Hoffm. & Berg. 

Lesleya inicrophylla Lx. Trigonocarpum Starkianum Lx. 

Calamites ramosus Artis. Trigonocarpum kansaseanum Lx. 

Sigillaria Brardii Brongn. Carpolithes granulans Stemb. 
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The flora as yet made known from the Severy shales appears to 
have included but four ferns, one of which is of doubtful validity, 
besides not beinpf known definitely elsewhere. No Annularian or 
Sphenophyllean. remains are reported, while three of the gymnosperms, 
described in Lesquereux's unpublished manuscript, have no recorded 
distribution. Odoiitopteris osmiindceformis is not known in the Dun- 
kard formation,'* while the phase of Neuropterts Scheuchzer% and 
possibly of N. ovaUi also, is less advanced than is characteristic of the 
Dunkard even at its lowest stratum, the roof of the Waynesburg 
coal, whose flora has been very thoroughly studied by Professors 
Fontaine and I. V. White. The evidence, therefore, though very 
scanty, leans slightly toward a stage not higher than the Monongahela 
formation. The material in hand contains no distinctly Permian 
species, though no doubt further collections will reveal species that 
range upward into the Permian. The flora is included in the Stepha- 
nian y)eriod of the Old World classification. 

ELMDALE FLORA AT ONAGA. 

Pecopteris Newberriana F. & I. C. W. Neui'opteris aurictilata Brongn.? 

Pecopteris hemitelioides Brongn. Neuropteris Scheuchzeri Hoffm. 

Pecopteris oreopteridia (Schloth.) Daubreeia sp. 

Brongn. ? Asterophyllites eqnisetif onnis ( Schloth. ) 

Pecopteris cf. polymorpha Brongn. Brongn. 

Odontopteris Brardii Brongn. Annularia stellata (Schloth.) Wood. 

Odontopteris Moorii (Lx.) D. W. Radicites capillaceus (L. & H.) Pot. 
Neuropteris plicata Stemb. 

The thirteen species from Onaga communicated by Mr. Crevecoeur 
are, as compared with the floras of Lansing and Thayer, obviously of 
much later age. No species in any way characteristic of the Lower 
Coal Measures or the Allegheny formation remains. On the other 
hand, the ferns, either as individual species or as phases of species 
having wide range, are clearly indicative of a stage at least very high 
in the Upper Carboniferous (Pennsj^lvanian). Nearly all the species 
have been reported from either the Permian of Europe or the Dun- 
kard formation of the United States, though, with the possible excep- 
tion of Pecopteris Newberriaiia, none are distinctly characteristic of 
the Permian. Most of the forms present occur in the Dunkard for- 
mation, whose flora was fully treated by Professors Fontaine and I. C. 
White.* Yet the small flora from Onaga contains none of the special 
types or characteristic Permian forms which are present in the Dun- 
kard, and on account of which the greater part of the Dunkard is 
regarded as Permian. 

It would seem, however, tliat the Onaga flora should be of later date 
than the Pittsburg coal, since the facies presented by several of the 
species has not yet been seen at so low an liorizon. Thus the very 



"Next above the Monongahela formation in the Appalachian trough, 
b Second Geol. Surv. Pennsylvania, Rept. PP, Harrisburg, 1880. 
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large size of the form referred to Pecopteris hemifelioides; the form 
referred tentatively to P. polymorpha, but which seems hardly to 
differ unless *in size from the Dunkard Callipteridium grandifolium; 
the form identified by Lesquereux from the Dunkard as Neuropteris 
plicata;^ the dilated heteromorphous N, Schetichzeri; and perhaps 
the type here doubtfully listed as N, auricidata, all seem to indi- 
cate a stage as high as the roof of the Pittsburg coal, while some of 
these peculiar phases are present above and are not yet known below 
the Waynesburg coal, i. e., in the Dunkard. Pecopteris Newher- 
riana, which is possibly characteristic of the Dunkard, appears hardly 
distinguishable from the small phase of P. fGemiiicefarmiSy figured by 
Zeiller,* from the Permo-Carboniferous of France. The normal form 
of the latter species is reported from the roof of the Pittsburg coal in 
the Appalachian trough. It is probable that the apparent absence of 
many of the Dunkard forms in the lower beds is due entirely to the 
lack of study of the plants in the .strata between the roof of the Pitts- 
burg coal, which forms the base of the Monongahela formation, and 
the Waynesburg coal, the top bed of that formation. The absence of 
lepidophytes from the material in hand constitutes negative, and, 
under the circumstances, scarcely important proof, since their failure 
to be present may be due to chance in preservation or collection. 

The evidence presented by this small Onaga flora may, therefore, be 
construed, so far as it represents the plants of its horizon, as indi- 
cating a stage probably within the Monongahela formation of the 
Appalachian region, or possibly as high as the lowest part of the Dun- 
kard formation, although, with the exception of Pecopteris New- 
berriana, the collection in hand does not contain any species char- 
acteristic of the Permian of the Old World, and does not signify a 
Permian age for the Onaga (Elmdale) beds. 

MARION? (WELLINGTON IN PART?) FLORA OF DICKINSON COUNTY. 

■ 

Sphenopteris sp. Sell. Glenopteris simplex Sell. 

Pecopteris sp. Sell. Glenopteris lineata Sell. 

Callipteris conferta Stemb. Glenopteris Sterling! Sell. 

Callipteris conferta var. obli(iua Glenopteris ? lobata Sell. 

(Goepp.) Weiss. Odontopteris sp. Sell. 

Callipteris conferta var. lanceolata Neuropteris sp. Sell. 

Weiss. Taeniopteris coriacea Goepp. 

Callipteris conferta var. vulgaris Weiss. Taeniopteris coriacea var. lineata Sell. 

Callipteris n. sp. Taeniopteris Newberriana F. & I. C. W. 

Glenopteris splendens Sell. Sphenophyllum sp. Sell. 

The above list includes only the material published or communi- 
cated to the National Museum by Mr. E. H. Sellards, by whom the 
collection of the State University survey is being elaborated. The 

a Probably si)ecifically different from the older form, which seems to agree with Sternberg's 
8i)ecies and which was placed under the same name by Lesquereux. 
* J^i. fosa. bassin houill. et i)erm. de Brive, 1892, PI. IV, fig. 5, 6. 
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specimens are described by him as coming either from the topmost 
beds of the Marion formation or possibly from the base of the Wel- 
lington formation, next above the Marion. The flora is regarded by 
Mr. Sellards ^ as of Lower Permian age. I have not had an oppor- 
tunity to examine the remaining material at the State University, but 
if the composition of the entire flora proves to be of so young a char- 
acter as the material described or placed in mj^ hands by Mr. Sellards, 
his conclusion that the beds are of so late date as the Lower Permian 
will appear to be fully justified. I am not informed whether any of 
the gymnospermic species so important in, and so typically character- 
istic of, the Permian of Europe or Prince Edward Island are present 
in Kansas. However, such pteridophj^tic material as has come to me 
for examination is more nearly typical and characteristic of the Per- 
mian than any flora that I have yet seen from another formation in 
the United States. 

If the plants preliminarily listed above are representative of the 
plant life of the Upper Marion or the Wellington formation, the flora 
of these beds is probably of a date fully as late as the earlier of the 
floras generally referred to the Permian in western Europe. In any 
event a flora containing* these species can hardly be older than the 
topmost Carboniferous, or transitional from the Upper Carboniferous 
to the Permian. 



« Trans. Kans. Acad. Sci., Vol. XVU, 1900 (1901), p. 208. 
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